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INTRODUCTION 
TO 
ІНЕ ТНЕТА DEVICE AND OTHER FREE ENERGY PATENTS 


Those of us who "believe" are always looking for the holy grail of 
power generation, the wonderful free energy device that will power 
our homes, automobiles, trains, airplanes and all the other 
motorized systems on the planet. I have personally seen four free 
energy devices that really worked and which I ran sufficient tests 
on to convince me of their validity. I did not know enough about 
their internal mechanisms to reproduce them, however. 


To me, it is patently obvious that there is some means whereby we 
can "hook our machinery up to the wheel work of nature (Tesla)". 
The electrons go serenely zipping around the nucleus, the whole 
atom literally pulsates with abundant energy, all of which is 
"forever". This is one of nature's free devices and if you look 
around there are others. We have only to tap into the universal 
energy source that the atom is locked into and we can use this 
same power source. Such a small word "only", but oh what a trek 
nature takes us on if we follow the search. 


The following patents are of supposed free energy inventions, 
including the Richardson patent, the "Theta" device, which I 
mentioned in my lecture at the 1990 International Tesla symposium. 
I named it the Theta device because of its resemblance to the 
greek "theta" symbol. I built a scaled down version of the Theta 
device and could not get it to work. I also located another 
version which another experimenter sent to me to try to get 
running and I was unsuccessful in that attempt. Later, I found out 
that I was not pulsing the core with a high enough power pulse to 
flip the magnetic domains in the outer core. This, of course, 
would make the Theta unit non-functional. 


Also included is the original text of the write up on the Theta 
device which prompted me to attempt to build it. The original text 
has been retained except where references to the figures were 
needed. The original drawings were in such poor condition that new 
CAD copies have been included. The Theta plans were given to Jerry 
Decker of Vangard Sciences (Р.О. Box 1031, Mesquite, TX 75150) by 
a friend of his, who supposedly got the plans from the inventor. 
According to the information I received, the original inventor 
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decided to remain anonymous. As the story goes, the inventor had 
been trying for the last 15 years to get patent coverage for the 
device but had been harassed by the patent office as well as 
certain power companies. Subsequent information proved this story 
a fabrication, as is obvious from the Richardson patent; but I had 
already built the device. It may turn out that the new derivative 
of the Theta device, the Pasichinskyj patent, offers a greater 
potential as a free energy unit and is much easier to build. 


Rumors are that both the Hyde and the Pasichinskyj units actually 
produce useable free energy and the Hyde patent actually claims 
such. The Hyde patent has been extolled by Moray King (in a recent 
article) as having great potential as a possible free energy 
motor. The Hyde electrostatic generator looks to me like an 
advanced version of a free energy device that is supposedly 
running in Europe. 


We offer these patents to you for your reading enjoyment and hope 
they will stimulate your interest in free energy and possibly in 
building one of the devices and experimenting with it. At the 
present time, we do not know if they do in fact produce free 
energy. Additionally, I make no claims as to the truth of the 
Plans and description of the Theta device. 


I would encourage you to experiment, experiment, experiment--your 
learning curve will go up exponentially when you do' All those 
who really built running devices were experimenters and tinkerers. 
ENJOY! 


Dan A. Davidson 

RIVAS 

P.O. Box 68320 

Oro Valley, AZ 85737 
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А BRIEF, SIMPLIFIED EXPLANATION ОҒ THE SOLID STATE 
(ТНЕТА) RESONATING GENERATOR 
(Received May 1990) 
Anonymous 


Ап observed and practiced fact of science is applied іп а 
conventional electric generator. That is: when a metal object is 
passed through a magnetic field, electric current is produced and 
the efficiency is always less than 100%. The mechanical design of 
a modern generator requires a proportionately higher amount of 
energy consumption to produce a given amount of electrical energy 
Consequently, an electric motor cannot be used to run a generator 
which in turn feeds fuel back to the motor, leaving an excess for 
other uses. 


In the case of the solid state generator, it has been discovered 
that a mechanical force is not required to alter the magnetic 
field; therefore, it is vastly more efficient. So much more 
efficient that it produces 100 times as much energy as is required 
to operate it at peak load. The perpetual motion machine is 
finally here! 


The desired result is obtained by using transistors to rapidly 
alternate low voltage through the mass of an "X" shaped core (see 
Figure А). Тһе rapidly changing pulse (excitation current) 
generates electrical current which develops in the central coil. 


The generator then quickly achieves an optimum state of 
operational balance called the resonant frequency at which point 
it produces electricity at a ratio of 1:100 between the excitation 
current and the produced current. One percent of the produced 
Current is then used to re-charge the battery fuel source and 99% 
is available to do the work of mankind. 


No other fuel is involved. There are no moving parts to maintain, 
no pollutants created, and the operation is silent' Actually the 
barium core is eventually consumed in about 200 to 500 years of 
Operation and is technically a source of energy (fuel). 


^ unit measuring 2 feet in diameter by 4 feet long and weighing 
500 lbs. at a cost of $5,000 could produce more than enough 
electricity to serve a fully electric modern home, or operate a 40 
h.p. electric vehicle for a lifetime plus. 


All other known fuels and energy systems are now obsolete. Today's 
energy transmission methods (power lines, pipe lines) and 
generating processes (fossil atomic fired) are pointless. Millions 
Of small generating units can now be placed at points of use 
instead, right at the grass roots, where the power belongs. Power 
to/for the people. "Right on!" (sic). 


Figure А depicts the four piece X shaped barium ferrite core 
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surrounded Бу ап "elongated octagon" core making the total core 
look similar to the theta symbol; hence, the name. Four excitation 
coils are placed on the legs of the X core (see Figure B). The 
central body of the X core has 10 nested coils that are for the 
output power. А schematic of the coil layout is shown in Figure C. 
The excitation coils are pulsed using a flip-flop circuit. The 
coils are pulsed А-А” then B-B' then А-А” again etc. 


Figure D shows a detail design of the barium ferrite cores. The x 
is in two pieces to facilitate placement of the central core area. 


The complete core with the coils attached is shown in Figure E. A 
steel band around the outer core holds the entire core/coil 
arrangement together. 


The circuits shown in Figure F are for the excitation pulse 
circuitry only. The wiring for the central coil, to pick up the 
produced current, is simply a collection of the ends of the coil 
wires hooked in series as required to produce the voltage wanted. 
The excitation circuits shown are complex in fact, but simple in 
Purpose, and are available "off the shelf" items of transistorized 
electronic gear. 


The upper circuit is a frequency modulator (variable oscillator) 
allowing the pulse rate of excitation to be adjusted to the 
optimum "resonant frequency". 


The lower circuit is a "flip-flop" system to permit the rapid 
changing of current from one electromagnetic circuit to another, 
within the core. 


A 12-volt battery is the source of the excitation current, and can 
be kept re-charged by the functioning generator or a feed-back 
circuit could be used to take its place during operation. 


That is all there is to the circuitry. The barium core and 
magnetic fields do the rest. 


The entire Theta device (core, coils and electronics) is housed 

in a cylindrical steel casing that is 22" in diameter by 42" in 
length. The ends are covered with steel plates (to form a closed 
tube. The total unit weighs about 550 pounds. ΑΠ access hole is 
cut into the top of the casing and a cover installed to facilitate 
Servicing. Steel legs are welded to the bottom for support. 
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FIGURE А. FOUR PIECE - BARRUIM FERRITE CORE 
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CORE WEIGHT IS 200 POUNDS. 
BARIUM FERRITE MATERIAL HAS 
THE CHARACTERISTIC OF 
PRODUCING AN ELECTRICAL 
CURRENT WHEN USED IN THIS 
WAY. NO OTHER HAS YET BEEN 
FOUND TO DO THIS. THE MASS OF 
THE MATERIAL DICTATES THE 
POTENTIAL ELECTRICAL YIELD OF 
THE UNIT. 


DRAWN BY: RANA DAVIDSON 
COPYRIGHT B 


P.O. BOX 
GREENVILLE, TX 75401 


DATE: MAY 1990 
PHONE: 214-455-4539 


FIGURE В. COPPER COIL WIRES ОМ cone 


4 EXCITATION COILS - EACH P 
CONTAINING 1.000 FEET OF / / 
NO. 10 WIRE. κερὰ κ, 


| Z CENTRAL'COILS - 10 

. |/ NESTED COILS EACH 

J CONTAINING 100 FEET OF 
NO. 0 WIRE. 


COILS ARE INSTALLED ON CORE, 14 TOTAL. 


DRAWN BY: DAN A. DAVIDSON 
COPYRIGHT BY: 


P.O. BOX 878 
GREENVILLE, TX 75401 


DATE: MAY 1990 


FIGUREC DETAIL ОМ ENERGY/COIL 


EXCITATION THRU 


COIL 12 V. 
NN 


τους 
> EXCITATION THRU 
COIL 12 V. 


BARIUM FERRITE 
ELECTROMAGNETIC 
CORE 


— CENTRAL COIL IS 


WHERE USABLE 

CURRENT 

DEVELOPS. 

EXCITATION THRU 
EXCITATION 12 V -- CURRENT PCO 12 V. 
CREATES ALTERNATELY - 


ELECTROMAGNETS A-A' THEN 
B-B' THEN A-A' ETC. 


DRAWN BY: DAN A. DAVIDSON 
COP YRIGHT MAY 1990 BY 
RIVAS 
P.O. BOX 878 
GREENVILLE, TX 75403 
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[57] ABSTRACT 


Externally charged electrodes of an electrostatic gener- 
ator induce charges of opposite polarity on segments of 
a pair of confronting stators by means of electric fields 
within which a pair of rotors are confined during rota- 
tion to vary the charge binding field linkages between 
confronting rotors and stators by a shielding action of 
the rotors in a plane perpendicular to the field flux. A 
high electric potential difference induced between the 
stators resulting from such rotation of the rotors, is 
transformed by an output circuit into a reduced DC 
voltage applied to a load with a correspondingly in- 
crease current conducted therethrough. 


19 Claims, 3 Drawing Sheets 


U.S. Patent Jan. 30, 1990 Sheet 1 of 3 4,897,592 
| FIG. 1 


Z 
+ 


4,897,592 


Sheet 3 of 3 
FIG. 5A 


Jan. 30, 1990 


US. Patent 


Np ELLA, ПУ 

NUH Ё EY ПИП БЕЛЕТ 

q κ: Қас σσ ,, Κατ ч 

БЕ! cuc | የገጥ u ИЯ DIR um 
BEES. ы ΝΣ Te) 

q | : h 5 EN MER AE. 
Μα LIE (КҚ, [9 
555555556555, I 


4,897,592 


1 


ELECTROSTATIC ENERGY FIELD POWER 
GENERATING SYSTEM 


BACKGROUND OF THE INVENTION 


This invention relates to the generation of electrical 
power by conversion of energy from an electrostatic 
field. 

The conversion of energy from a static electric field 
into useful electrical energy by means of an electrostatic 
generator is already well known in the art as exempli- 
fied by the disclosures in U.S. Pat. Nos. 2,522,106, 
3,013,201, 4,127,804, 4,151,409 and 4,595,852. Gener- 
ally, the energy conversion process associated with 
such prior art electrostatic generators involves the input 
of mechanical energy to separate charges so that a con- 
siderable portion of the output is derived from the con- 
version of mechanical energy. 

It is therefore an important object of the present 
invention to provide an electrostatic generator in which 
electrical power is derived from the energy of static 
electric fields with a minimized input of mechanical 
power. 

SUMMARY OF THE INVENTION 


In accordance with the present invention, static elec- 
tric fields are established between electrodes externally 
maintained at charge levels of opposite polarity and a 
pair of internal stator discs having segmental surfaces 
that are dielectrically spaced to confine thereon charges 
induced by the electric fields. A pair of rotor discs are 
rotated within continuous electric fields in planes per- 
pendicular to the field flux to locationally vary the 
charge linkage established by the electric fields between 
the electrodes and stator discs. Such changes in charge 
linkage are effected by rotation of electrically conduc- 
tive segments of the rotor angularly spaced from each 
other to partially shield the stator discs from the electric 
fields. The segments of each rotor disc have charged 
faces confronting the electrodes in its field to shield the 
stator disc over a total face area that is one-half the total 
area of the confronting segment surfaces on the stator 
disc to which the induced charges are confined. 
Charges on the rotors and stators are equalized by elec- 
trical interconnections established through the rotor 
shafts. The stator discs are electrically interconnected 
with an electrical load through an output circuit trans- 
forming a high potential between the stator discs into а 
reduced dc voltage to conduct a correspondingly multi- 
plied current through the load. 


BRIEF DESCRIPTION OF DRAWING FIGURES 


These and other objects and features of the present 
invention will become apparent from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accompany- 
ing drawings in which like parts or elements are de- 
noted by like reference numerals throughout the several 
views of the drawings and wherein: 

FIG. 1 is a simplified electrical circuit diagram corre- 
sponding to the energy conversion system of the pres- 
ent invention. 

FIG. 2 is a side section view of an electrostatic gener- 
ator embodying the system of FIG. 1 in accordance 
with one embodiment of the invention. 
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FIGS. 3 and 4 ere partial section views taken substan- 
tially through planes indicated by section lines 3—3 and 
4—4 in FIG. 2. 

FIGS. 5A and 5B are schematic partial laid out top 
views of the electrostatic generator of FIGS. 2-4, under 
static and dynamic charge distribution condictions, 
respectively. 

FIG. 6 is an electrical circuit diagram of the output 
circuit of the generator shown in FIG. 2, in accordance 
with one embodiment. 


DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 


Referring now to the drawings in detail, FIG. 1 dia- 
grammatically depicts the energy conversion system of 
the present invention generally referred to by reference 
numeral 10. As diagrammed in FIG. 1, the system in- 
cludes a pair of electrostatic fields 12 and 14 established 
by electrostatic charges of opposite polarity applied to 
electrode plates 16 and 18 from some external energy 
source. Thus, the electrostatic field 12 is established 
between electrode 16 and a stator disc 20 while the 
electrostatic field 14 is established between electrode 18 
and a stator disc 22. In accordance with the present 
invention, electrostatic charge linkages established by 
the flux of the fields between the electrodes and stators 
are periodically varied by displacement within continu- 
ous energy fields 12 and 14 in response to rotation of 
rotors 24 and 26 aligned with planes perpendicular to 
their common rotational axis and the field flux as will be 
hereinafter described. The rotors are mechanically in- 
terconnected with an electric motor 28, as diagrammati- 
cally illustrated in FIG. 1, for rotation about the com- 
mon rotational axis. Electrical energy may be extracted 
from the electric fields 12 and 14 during rotation of the 
rotors 24 and 26 by motor 28 through an output circuit 
generally referred to by reference numeral 30. The 
output circuit 30 as shown, in FIG. 1 in a simplified 
fashion, includes two pair of current conducting diodes 
32A, 32B and 34A, 34B. The diodes of each pair are 
oppositely poled and each pair is connected in parallel 
to one of the stators 20 and 22. The diodes of each pair 
are also electrically connected across an electrical load 
represented by resistors 36A and 36B with capacitor 
networks 38A and 38B interconnected between each 
pair of diodes by means of which the voltage potential 
between the stators 20 and 22 is reduced in favor of an 
increased current through the electrical load. 

Referring now to FIGS. 2, 3 and 4 in particular, a 
physical embodiment of the energy conversion system 
diagrammed in FIG. 1 is shown. The electrodes 16 and 
18 are in the form of circular plates or discs made of an 
electrically conductive metal having external surfaces 
40 and 42 adapted to be charged from the external 
source as aforementioned. The internal surface 44 of 
electrode 18 is thereby adapted to maintain a positive 
charge opposite in polarity to the negative charge of the 
electrode 16 which is maintained in a stable ion form 
within a dielectric surface portion 46 of the electrode 
16. The energy conversion system may be enclosed 
within an outer housing 48 to which the electrodes 16 
and 18 are secured. 

With continued reference to FIG. 2, the stators 20 
and 22 mounted by housing 48 in axially fixed spaced 
relation to the electrodes 16 and 18 are provided with 
bearings 50 and 52 establishing the aforementioned 
common rotational rotor axis journaling a powered 
shaft assembly having electrically conductive shaft sec- 
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tions 54 and 56 to which the rotors 24 and 26 аге respec- 
tively connected. In the embodiment illustrated in FIG. 
2, the drive motor 28 is mechanically interconnected 
with the shaft sections 54 and 56 through an electrically 
nonconductive shaft section 58 of the power shaft as- 
sembly for simultaneous rotation of both rotors 24 and 
26 at the same speed and in the same direction about the 
common rotational axis perpendicular to parallel spaced 
planes with which the electrode and stator discs are 
aligned. The electrically conductive shaft sections 54 
and 56 are respectively keyed or secured in any suitable 
fashion to hub portions 60 and 62 of the rotors and are 
provided with flange portions 64 and 66 forming electri- 
cal wipers in contact with confronting surfaces of the 
stators 20 and 22, which are inductively charged by the 
static electric fields 12 and 14 to equal levels of opposite 
polarity. 

As more clearly seen in FIGS. 2 and 3, the rotor 24 
has a plurality of angularly spaced, field linkage con- 
trolling segments 68 projecting radially outwardly from 
the hub portion 60. Each rotor segment 68 is made of an 
electrically conductive metal having a face 70 on one 
axial side confronting the adjacent electrode 16. The 
faces 70 confronting the electrode 16 are charged posi- 
tively by the electric field 12 extending between the 
dielectric surface portion 46 of electrode 16 and the 
stator disc 20. While the electric field 12 projects 
through the spaces 72 between the rotor segments 68, 
the rotor segments 68 themselves shield portions of the 
stator disc 20 from the electric field. 

The rotor 26 is similarly formed with rotor segments 
74 angularly spaced from each other by spaces 76 
through which the electric field 14 extends between the 
positively charged surface 44 of electrode 18 and the 
stator 22. The rotor segments 74 of rotor 26 as shown in 
FIG. 2, are provided with dielectric surface portions 78 
confronting the internally charged surface 44 of elec- 
trode 18. While the rotor segments 74 are negatively 
charged by the electric field 14 within the surface por- 
tions 78, they also shield portions of the stator disc 22 
from the electric field as in the case of the rotor seg- 
ments 68 hereinbefore described. The internal dielectric 
surface portion 46 of electrode 16 and dielectric surface 
portions 78 of rotor 26 act as а stabilizer to prevent eddy 
currents and leakage of negative charge. Further, in 
view of the electrical connections established between 
the rotors and the stator discs, the charge on each stator 
is equalized with that of the charge on its associated 
rotor. 

As shown in FIGS. 2 and 4, the stator disc 20 includes 
a plurality of segments 82 to which charges are con- 
fined, closely spaced from each other by dielectric spac- 
ers 80. The segments 82 are electrically interconnected 
with the rotor segments 68 through rotor shaft section 
54. Similarly, the segments 84 of the stator 22 are elec- 
trically interconnected with the rotor segments 74 
through rotor shaft section 56. The stator segments 82 
and 84 are therefore also made of electrically conduc- 
tive metal. Each of the segments 82 of stator 20 is elec- 
trically interconnected through the output circuit 30 
with each of the segments 84 of the stator. The stator 
discs being fixedly mounted within the housing 48, 
centrally mount the bearings 50 and 52 through which 
the electrically nonconductive motor shaft section 58 is 
journaled as shown in the embodiment of the invention 
illustrated in FIG. 2. Further, the total area of the 
charged segment surfaces on each of the stator discs is 
greater than the total area of the faces 70 or 78 on the 
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4 
segments of each associated rotor disc 24 or 26. Accord- 
ing to one embodiment, the total charged stator surface 
area is twice that of the rotor face area. 

According to the embodiment of the invention illus- 
trated in FIG. 6, the output circuit 30 includes the two 
oppositely poled capacitive circuit networks 38A and 
38B connected across each aligned pair of stator seg- 
ments 82 and 84 on the stators 20 and 22 by means of the 
oppositely poled diodes 32A and 34A. Each of such 
capacitive circuit networks includes a capacitor 86, the 
opposite sides of which are connected by oppositely 
poled diodes 88 and 90 to positive and negative load 
terminals 92 and 94 across which a suitable electrical 
voltage is established for operating an electrical load. 
The diode 88 is connected to the junction 102 between 
diode 104 and one side of capacitor 106. The diode 88 is 
also connected to the junction between one side of 
capacitor 100 and the diode 32A. The diode 90, on the 
other hand, is interconnected with the junction 96 be- 
tween diode 108 and capacitor 100. Also, diode 90 is 
connected to the junction between the other side of 
capacitor 106 and the diode 34A. The foregoing circuit 
arrangement of capacitive network 38A is the same as 
that of network 38B by means of which aligned pairs of 
the stator segments 82 and 84 have the electrical poten- 
tials therebetween transformed into a lower voltage 
across the load terminals 92 and 94 to conduct a higher 
load current. 

FIG. 5А illustrates the distribution of charges estab- 
lished in the electric fields 12 and 14 between the elec- 
trodes and stators under static conditions in which each 
of the rotor segments 68 and 74 is positioned in align- 
ment with one of the stator segments 82 and 84 to 
thereby shield alternate stator segments from the elec- 
tric fields. The charges established by the electric fields 
are therefore confined to the faces of alternate stator 
segments confronting the electrodes and are equalized 
with the charges established on and confined to the 
shielding faces of the rotor segments confronting the 
electrodes-by virtue of the electrical interconnection 
between the rotors and stators as aforementioned. As 
depicted in FIG. 5B, when rotation is imparted to the 
rotors, the charge linkages established by the electric 
fields between the electrodes and alternate stator seg- 
ments 82 or 84 are interrupted by the moving rotor 
segments 68 or 74 so that previously sielded stator seg- 
ments become exposed to the fields to reestablish field 
energy linkages with the associated electrodes. Such 
action causes electrical potentials to be established be- 
tween the stator segments 82 and 84. 

It will be apparent from the foregoing description 
that the electrostatic energy fields 12 and 14 of opposite 
polarity are established maintained between the exter- 
nally charged electrodes 16 and 18 and the internally 
charged stators 20 and 22 under static conditions as 
depicted in FIG. 5А. During rotation, the rotors 24 and 
26 continuously disposed within such energy fields 12 
and 14, exert forces in directions perpendicular to the 
field flux representing the energy linkages between 
electrodes and stators to cause interruptions and rees- 
tablishment of energy linkages with portions of differ- 
ent stator segments as depicted in FIG. 5B. Such energy 
linkage locational changes and the charge binding and 
unbinding actions between electrodes and stators cre- 
ates an electrical potential and current to flow between 
stators through the output circuit 30. Thus, the output 
circuit when loaded extracts energy from the electric 
fields 12 and 14 as a result of the field linkage charge 
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bindinbg and unbinding actions induced Бу rotation of 
the rotors. The stator segments 82 and 84 shielded from 
the electric fields by the moving rotor segments 68 and 
74 as depicted in FIG. 5B, have electric potentials of 
polarity opposite to those of the external electrodes 16 
and 18 because of the field linkage charge unbinding 
action. Previously shielded stator segments being ех- 
posed to the electric fields by the moving rotor seg- 
ments, have the same electric potential polarity as those 
of the external electrodes because of field linkage bind- 
ing action. Since the forces exerted on the respective 
rotors by the electric fields 12 and 14 of opposite polar- 
ity act on the common rotor shaft assembly perpendicu- 
lar to said fields, such forces cancel each other. The 
energy input to the system may therefore be substan- 
tially limited to mechanical bearing losses and windage 
during conversion of electrostatic field energy to elec- 
trical energy as well as electrical resistance losses and 
other electrical losses encountered in the output circuit 
30. 

Based upon the foregoing operational characteristics, 
rotation of the rotors in accordance with the present 
invention does not perform any substantial work against 
the external electric fields 12 and 14 since there is no net 
change in capacitance thereby enabling the system to 
convert energy with a reduced input of mechanical 
energy and high efficiency, as evidenced by minimal 
loss of charge on the electrodes. It was therefore found 
that working embodiments of the present invention 
require less than ten percent of the electrical output 
energy for the mechanical input. Further, according to 
one prototype model of the invention, а relatively high 
output voltage of 300,000 volts was obtained across the 
stators. By reason of such high voltage, an output cir- 
cuit 30 having а voltage reducing and current multiply- 
ing attribute as hereinbefore described was selected so 
as to render the system suitable for many practical ap- 
plications. 

The foregoing is considered as illustrative only of the 
principles of the invention. Further since numerous 
modifications and changes will readily occur to those 
skilled in the art, it is not desired to limit the invention 
to the exact construction and operation shown and 
described, and, accordingly, all suitable modifications 
and equivalents may be resorted to, falling within the 
scope of the invention. 

What is claimed is: 

1. An energy conversion system including a pair of 
electrodes maintained electrostatically charged at sub- 
stantially equal potentials of opposite polarity, stator 
means mounted in operatively spaced relation to said 
electrodes for inducement therein of charges of oppo- 
site polarity through electric fields established by said 
equal potentials, power driven rotor means continu- 
ously disposed within said electric fields for receiving 
charged induced by said electric fields, means electri- 
cally connecting said rotor means to the stator means 
for equalizing of said induced charges therebetween, 
field linkage control means for movably shielding the 
stator means from the electric fields during rotation of 
the rotor means and output circuit means operatively 
connected to the stator means for extracting therefrom 
an operating voltage in response to movement of said 
shielding of the stator means. 

2. The system as defined in claim 1 wherein said 
stator means includes a pair of axially spaced stator 
discs respectively linked electrostatically to the elec- 
trodes by said eletric fields, the rotor means including a 
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6 
pair of rotor discs respectively disposed axially between 
the electrodes and the stator discs. 

3. The system as defined in claim 2 wherein said field 
linkage control means comprises angularly spaced seg- 
ments on the rotor discs having charged faces shielding 
portions of the stator discs from the electrodes. 

4. The system as defined in claim 3 wherein each of 
the stator discs includes angularly spaced surface por- 
tions confronting the angularly spaced rotor segments 
and dielectric means between said surface portions for 
confining the induced charges thereto, the surface por- 
tions of the stator discs and the charged faces of the 
rotor segments being unequal in area. 

5. An energy conversion system including a pair of 
electrodes electrostatically charged to substantially 
equal potentials of opposite polarity, stator means 
mounted in operatively spaced relation to said elec- 
trodes for inducement therein of charges of opposite 
polarity through electric fields established by said equal 
potentials, said stator means including a pair of axially 
spaced stator discs respectively linked to the electrodes 
by said electric fields, power driven rotor means contin- 
vously disposed within said electric fields for receiving 
induced charges thereon, means electrically connecting 
said rotor means to the stator means for transfer of said 
induced charges therebetween, said rotor means includ- 
ing a pair of rotor discs respectively disposed axially 
between the electrodes and the stator discs and field 
linkage control means for variably shielding the stator 
means from the electric fields during rotation of the 
rotor means, said field linkage control means compris- 
ing angularly spaced segments on the rotor discs having 
charged faces shielding portions of the stator discs from 
the electrodes, each of the stator discs including angu- 
larly spaced surface portions confronting the angularly 
spaced rotor segments and dielectric means between 
said surface portions for confining the induced charges 
thereto, the surface portions of the stator disc having 
areas twice that of the areas of the charged faces of the 
rotor segments and output circuit means operatively 
connected to the stator means for establishing an oper- 
ating voltage in response to said variation in the shield- 
ing of the stator means by the rotor means. 

6. The system as defined in claim 5 including a power 
shaft assembly on which the rotors are mounted for 
simultaneous rotation, said electrical connecting means 
being formed by electrically conductive sections of said 
shaft assembly. 

7. The system as defined in claim 6 wherein the 
charged faces of the rotor segments on one of the rotors 
is formed by dielectric material within which the in- 
duced charges of negative polarity are confined in sta- 
ble ion form. 

8. The system as defined in claim 7 wherein said 
output circuit means includes a pair of dc voltage termi- 
nals, a capacitive network, and current blocking diode 
means coupling the network to the terminals and to 
each of the surface portions of the stator discs for multi- 
plying current conducted between the stator discs while 
reducing potentials therebetween to a value equal to the 
operating voltage across the dc voltage terminals. 

9. The system as defined in claim 2 wherein each of 
the stator discs includes angularly spaced surface por- 
tions confronting the rotor and dielectric means be- 
tween said surface portions for confining the induced 
charges thereto. 

10. The system as defined in claim 9 "wherein said 
output circuit means includes a pair of dc voltage termi- 
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nals, а capacitive network, and current blocking diode 
means coupling the network to the terminals and to 
each of the surface portions of the stator discs for multi- 
plying current conducted between the stator discs while 
reducing potentials therebetween to the operating volt- 
age across the terminals. 

11. The system as defined in claim 1 including а 
power shaft assembly on which the rotors are mounted 
for simultaneous rotation, said electrical connecting 
means being formed by electrically conductive sections 
of said shaft assembly. 

12. The system as defined in claim 3 wherein the 
charged faces of the rotor segments on one of the rotors 
is formed by dielectric material within which the in- 
duced charges of negative polarity are confined in sta- 
ble ion form. 

13. The system as defined in claim 1 wherein said 
stator means and said rotor means respectively have 
faces confronting each of the electrodes, and dielectric 
surface means coating those of the confronting faces on 
which the charges of negative polarity are induced and 
maintained in a stable ion form for preventing eddy 
currents and charge leakage. 

14. The system as defined in claim 1 wherein the 
stator means and the rotor means have faces continu- 
ously exposed to said electric fields on which the 
charges of negative polarity are induced, and stabilizer 
means for preventing leakage of the induced charges 
through said faces. 

15. The system as defined in claim 14 wherein said 
stabilizer means comprises dielectric material on said 
faces maintaining the negative charges therein in stable 
ion form. 

16. In an energy conversion system having an elec- 
trode of one polarity maintained at an electrostatic po- 
tential, a stator and a rotor disposed within an electric 
field established between the electrode and the stator by 
said potential on the electrode, means mounting the 
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rotor for rotation continuously within the electric field 
and means electrically interconnecting the rotor and the 
stator for equalizing electrostatic charges established 
thereon opposite in polarity to said one polarity, the 
rotor having charged surface means partially shielding 
the stator from the electric field for producing an elec- 
tric potential on the stator in response to rotation of the 
rotor causing movement of the charges established by 
the unshielded electric field. 

17. The system as defined in claim 16 wherein the 
stator includes means for confining electrostatic charges 
established to surfaces of greater total area than that of 
the charged surface means of the rotor. 

18. The system as defined in claim 1 wherein said 
stator means is mounted in fixed parallel spaced relation 
to the electrodes and said rotor means is rotatable about 
8 rotational axis perpendicular to said electrodes. 

19. In an electrostatic generator having a pair of ахі- 
ally spaced electrodes with electric fields therebetween 
establishing corresponding capacitances, a power 
driven rotor and means for electrically interconnecting 
the rotor with one of the electrodes of said pair during 
rotation of the rotor, the improvement residing in 
means fixedly mounting both of the electrodes of said 
pair, said electric fields being established and main- 
tained by means respectively applying charge produc- 
ing potentials of substantially equal and opposite polar- 
ity to the other of the electrodes of said pair for cancel- 
lation of forces exerted by said electric fields on the 
rotor, means mounted by the rotor for partial shielding 
of said one of the electrodes from said electric fields and 
means responsive to rotation of the rotor for extracting 
an output voltage generated on said one of the elec- 
trodes by movement of said partial shielding thereof 
during maintenance of the corresponding capacitances 
established by the electric fields. 
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157) ABSTRACT 


А magneuc motion electrical generator includes an 
electrical winding defining a magnetically conductive 
zone having bases at each end, the winding including 
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elements for the removing of an induced current there- 
from. The generator further includes two pole magnets, 
each having a first and а second pole, each first pole in 
magnetic communication with one base of the magneti- 
cally conductive zone. The generator further includes a 
third pole magnet, the third pole magnet oriented inter- 
mediately of the first poles of the two pole electromag- 
nets and in magnetic communication with the electro- 
magnets, the third pole magnet having a magnetic aus 
substantially transverse to an axis of the magnetically 
conductive zone, the third magnet having a pole nearest 
to the conductive zone and in magnetic attractive rela- 
tionship to the first poles of the two pole electromag- 
nets, in which the first poles thereof are like poles. Yet 
further included in the generator are elements for cycli- 
cally reversing the magnetic polarities of the electro- 
magnets. Said reversing means, through а cychcal 
change in the magnetic polanties of the electromagnets. 
will cause the magnetic flux lines associated with the 
magnetic attractive relationship between the first poles 
of the electromagnets and the nearest pole of the third 
magnet to correspondingly reverse, causing a wiping 
effect across the magnetically conductive zone, as lines 
of magnetic flux swing between respective first poles of 
the two electromagnets, thereby inducing electron 
movement within the windings and thusly generating a 
flow of current within the winding 


11 Claims, $ Drawing Sheets 
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МАСМЕТІС MOTION ELECTRICAL GENERATOR 


BACKGROUND OF THE INVENTION 


The present invention relates to a solid-state electri- 
Cal generator having no moving parts in its structure. 
More particularly, the instant invention makes use of a 
Proposed extension of Faraday’s Law, this extension 
Constitutes а proposition to the effect that a changing 
magnetic field, relative to an electrical conductor, will 
induce an electric field therein, regardless of whether or 
not the source of the magnetic field undergoes physical 
movement It is, through the present invention, sug- 
gested that to generate electric сш” чі, it is only neces- 
sary that a magnetic field move relative to a conductor 
aad that, consequently, it is not necessary that the 
source magnet itself move to induce electric field or 
current into a conductor. 

The most relevant prior art known to the inventor 
comprises U.S. Pat. No. 4,006,401 (1977) to De Rivas, 
entitled Electromagnetic Generator; and U.S. Pat. Мо 
4,077,001 (1978) to Richardson, entitled Electromag- 
netic Converter with Stationery Variable Reluctance 
Members. 

The above reference,to De Rivas discloses an electro- 
magnetic generator which utilizes a permanent magnet 
and inductive means to “alternate by switching” the 
flux of the permanent magnet, thereby generating alter- 
nating current at the output thereof. Said reference, as 
well as Richardson, represent the only known direct 
attempts in the prior art to generate electricity by non- 
moving means through the manipulation of the mag- 
netic field of a permanent magnet. In De Rivas, induc- 
tive means are used for the purpose of “magnetic 
switching”. As such, inductive and related beat losses 
would produce a questionable level of performance. 

The above reference to Richardson discloses an “en- 
ergy conversion system" in which the flux of the perma- 
nent magnet is, as in De Rivas, “shifted” by inductive 
means. However, unlike De Rivas, Richardson makes 
use of a lamellar core which acts as a bi-stable magnetic 
valve placed in the proximity of the Output windings to 
carry-off the induced power from the system. 

Richardson accurately identifies many key concepts 
of power generation by non-moving systems and recog- 
nizes the need to optimize geometry, materials, controi, 
timing and other factors which must be taken into con- 
sideration in the efficient generation of power through 
the shifting, oscillation and/or rotation of the magnetic 
field of fixed permanent magnet. It is upon the teach- 
ings of Richardson and De Rivas that the invention set 
forth herein is most directly based. 


SUMMARY OF THE INVENTION 


The invention constitutes an electrical generator 
comprising an electrical winding defining a magnetical- 
ly-conductive zone having bases at each end thereof, 
said winding including means for the removing of an 
induced current therefrom. Tbe generator further in- 
cludes two pole magnets, each having a first and second 
pole, each first pole thereof in magnetic communication 
with one base of said magnetically conductive zone. 


magnet having a magnetic axis substantially transverse 
to an axis of said magnetically-conductive zone, said 
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third magnet having а pole thereof nearest to said zone 
and in magnetic attractive relationship to said first poles 
of said two pole electromagnets, in which said first 
poles thereof are like poles. Yet further included in the 
generator are means for cyclically reversing the mag- 
netic polarities of said electromagnets. Accordingly, 
said reversing means, through said cyclical change in 
said magnetic polarities of said electromagnets, will 
Cause the magnetic flux lines associated with said mag- 
netic attractive relationship between said first poles of 
said electromagnets and said nearest pole of said third 
magnet to correspondingly reverse, thereby causing a 
wiping effect across said magnetically conductive zone, 
as lines of magnetic flux swing between respective first 
poles of said two electromagnets, thereby inducing 
electron movement within said windings and thusly 
generating a flow of current within said winding. 

It is accordingly an object of the present invention to 
Provide an electric generator having no moving parts 
therein. 

It is another object of the present invention to pro- 
vide an electrical generator making use of both electro- 
magnets and pole magnets in which electric current is 
induced through the oscillation or rotation of magnetic 
flux, while said magnets and electromagnets are kept 
stationery. 

It is a further object to employ a permanent magnet in 
combination with an electromagnet to intensify current 
flow obtainable from said electromagnet. 

It is a yet further object to provide an electromag- 
netic generator including a permanent magnet as a flux 
source in which the magnitude of the generated current 
of the generator increases as a function of the frequency 
of the signals applied to control the motion of the flux 
between the permanent magnet and the electromagnet 

The above and yet other objects and advantages of 
the present invention will become apparent from the 
hereinafter set forth Detailed Description of the Inven- 
tion, the Drawings and Claims appended herewith. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a schematic of a first embodiment of the 
Present invention, employing one permanent magnet 
and two electromagnets. 

FIG. 2 is a schematic illustration of a variation of the 
embodiment of FIG. 1. 

FIG. 3 is a schematic view of a further variation of 
the embodiment of FIG. 1. 

FIG. 4 is а schematic view of an embodiment of the 
structure shown in FIG. 3 

FIG. 5 is a schematic view of a second embodiment 
of the present invention. 

FIG. 6 is a schematic view of a third embodiment of 
the present invention. 

FIG. 7 is a schematic view of a varianon of the em- 
bodiment of FIG. 6. 


DETAILED DESCRIPTION OF THE 
INVENTION 


With reference to the view of FIG. 1, there is shown 
an electrical winding 10 defining a magnetically con- 
ductive zone 12, said zone having bases 14 and 15 at 
each end thereof. Said winding 10 includes means 16 
and 17 for removing an induced current from said wind- 
ing means 10 and carrying said current to an output 18. 

Further included in the embodiment of FIG. 1 is a 
first pole electromagnet 20 and а second pole electro- 
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magnet 22, each of said electromagnets having first ends 
24 and 26 respectively tud second ends 28 and 30 ге- 
spectively. Each of said first poles 24 and 26 are in 
magnetic communication with respective first and sec- 
ond bases 14 and 15 of said magnetically conduct ve 
zones. 

Further included in the present electrical generator is 
a third pole magnet 32, said third pole magnet compris- 
ing a permanent magnet Said third magnet із ο. ented 
with a first end 34 intermediately of said first poles 24 
and 26 of said two pole electromagnets 20 and 22, and is 
іп magnetic communication with said electromagnets. 
A magnetic axis defined by the poles of said permanent 
magnet 32 is substantially transverse to an axis which is 
defined by the geometry of said magnetically conduc- 
tive zone 12. The pole 34 of said third magnet 32 is in 
magnetic attractive relationship to said first pole 24 and 
26 of said two pole electromagnets 20 and 22, in which 
said first poles 24 and 26 are like poles and said pole 34 
of said permanent magnet 32 is an opposite pole tu said 
poles 24 and 26. 

Yet further provided are means 38 and 40 (shown in 
the form of windings) for cyclically reversing the mag- 
netic polarities of said electromagnets 20 and 22. Said 
control means, through cyclical changing of the mag- 
netic polarities of said electromagnets, will cause the 
magnetic flux lines associated with said attractive mag- 
netic relationship between said first pole 24 and 26 of 
said electromagnets and said pole 34 of said third and 
permanent magnet 32 to correspondingly reverse. This 
will cause a wiping effect across said magnetically con- 
ductive zone 12, as lines of magnetic flux swing between 
respective first poles 24 and 26 of said electromagnets in 
a high-frequency reciprocating fashion. This movement 
of lines of flux will induce electron movement within 
said winding 10, thusly generating a flow of current 
within said winding. Accordingly, the power output 
from the system of FIG. 1 will be a function of the 
strength of said magnets 20, 22 and 32, the number of 
current loops within winding 10, and the raie of rever- 
sal of the magnetic polarities of said electromagnets 20 
and 22 by said cyclical reversing means. 

As may be appreciated, said zlectrical winding 10 
may comprise a helical winding, and said magnetically 
conductive zone may comprise a magnet core or a mag- 
netically conductive coating 

Either such core or said winding may commprise a 
super-conductive material. 

Further, said control means 38 and 40 may comprise 
flat spirally-wound elements in which the plane of such 
flat spiral elements is transverse to tbe primary axis of 
said electromagnets 20 and 22. 

Alternatively, said cyclical reversing means may 
comprise means for applying an alternating pulsating 
DC current at said bases 14 and 15 of said magnetically 
conductive surface. 

There may be further provided means for magneti- 
cally concentrating lines of magnetic flux in said mag- 
netically conductive zone. For example, such means 
may comprise a pole shoe of a magnet of like polarity to 
said pole 34 of said permanent 32, in which such pole 
shoe would symmetrically surround said winding 10. 

With reference to FIG. 2, it is seen that tbere is 
shown the schematic thereof a variation of the embodi- 
ment of FIG. 1, the primary difference therebetween 
being the use of solid state means such as a liquid or 
semiconductor 11 in lieu of winding 10 and magneti- 
cally conductive surface 12. Therein, the lines of mag- 
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netic flux will oscillate between first poles of the elec- 
tromagnets, through the liquid or semiconductive mate- 
rials, thereby inducing electron movement within the 
liquid or semiconductor and, thusly, generating a flow 
of current therewithin. 

With reference to the view of FIG. 3, there is seen а 
yet further variation of the embodiment of FIG. 1 in 
which said control means for cyclically reversing the 
magnetic polarity of said electromagnets comprise an 
electromagnetic path between said ends 28' and 30' of 
said electromagnets 20’ and 22’. Thereby, it may be seen 
that the embodiment of FIG. 3 differs from the embodi- 
ment of FIG. 1 only іп the provision of a single control 
means 44 in lieu of the separate control means 38 and 40 
of the embodiment of FIGS. 1 and 2. 

With reference to FIG. 4, there is shown, in sche- 
matic view, a further embodiment of the invention of 
FIG. 3 in which the basic structure thereof is simply 
repeated a multiplicity of times. Therein, permanent 
magnetic elements 32 appear to the right of the figure. 
and electromagnetic pole elements 24 and 26 appear 
and repeat in sequence, windings 10 and control means 
44’ are also shown therein. 

With reference to the embodiment of FIG. 5, there is 
shown an electrical winding 50 disposed about a sub- 
stantially cylindrical magnetically conductive axial sur- 
face 52 having bases 54 and 56 at each end thereof. The 
winding $0 includes means $8 and 60 for removing an 
output current therefrom. 

Yet further provided in the embodiment of FIG. 5 are 
two variable reluctance means (VRMs) 62 and 64, one 
disposed in magnetic communication with each of said 
bases $4 and 56 of said magnetically conductive surface 
52. 

Yet further provided in the embodiment of FIG 5 are 
means for controlling said VRM's 62 and 64 to cycli- 
cally and axially increase and decrease the reluctance 
thereof, such that the reluctance of one VRM is de- 
creased while the reluctance of an opposite VRM 15 
inversely increased, and vice versa. 

Yet further provided in the embodiment of FIG. $ are 
two permanent pole magnets 66 and 68, each having 
like poles 70 and 72 thereof in magnetic communication 
with a surface of said VRMs 62 and 64 other than that 
surface which is in magnetic communication with one 
of said bases 54 and 56 of said magnetically conductive 
surface 52. Thereby, the polarity of the magnetic aus of 
said magnetic surface of said winding will reverse in 
response to cyclical changes in the magntic reluctance 
of said VRMs 62 and 64, causing an expansion and 
compression of the magnetic axis of said surface 52, 
thereby causing magnetic flux to swing between respec- 
tive like poles 70 and 72 of said two permanent magnets 
66 and 68, this causing electron movement within said 
windings 50, and generating a flow of current there- 
within. 

Said VRMs 62 and 64 may be thought of as magnetic 
couplers and decouplers in that they selectively bring 
permanent magnet 60 and 68 into and out of the mag- 
netic circuit of the embodiment of FIG. 5. 

It is to be appreciated that said VRMs 62 and 64 may 
take many forms, these including electrical coil means 
surrounding a magnetic core in which excitation of said 
coil will effect a change in the magnetic reluctance of 
said core; wafers of superconductive material which, in 
a preferred embodiment, will be flat spirally-wound 
elements, the plane of such flat spiral elements being 
transverse to the axis of the magnetic path of travel 
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therewithin; and means for cyclically applying a pulsat- 
ing DC current at said bases 54 and 56 of said magneti- 
cally-conductive surface 52. Also, as in other embodi- 
ments, means for magnetically concentrating lines of 
magnetic flux about the region of said winding may be 
employed. Д 

With reference to the embodiment of FIG. 6, the 
electrical generator thereof is seen to include an electri- 
cal winding 70 disposed about a substantially cylindrical 
magnetically conductive surface 72 having bases 74 and 
76 at each end thereof, in which said winding means 70 
includes means 78 and 80 for removing an induced 
Current therefrom. 

The embodiment of FIG. 6 further includes two vari- 
able reluctance means (VRMs) 82 and 84, one disposed 
in magnetic communication with each of said bases 74 
and 76 of said magnetically conductive surface. 

Yet further provided in the embodiment of FIG. 6 are 
means for controlling said VRMs 82 and 84 to cycli- 
cally increase and decrease the reluctance thereof such 
that the reluctance of one VRM is decreased while the 
reluctance of an opposite VRM is inversely increased, 
and vice versa. 

Yet further provided in the embodiment of FIG. 6 are 
two permanent pole magnets 86 and 88, each having 
like poles thereof 90 and 92 in magnetic communication 
with one of said bases 74 and 76 respectively of said 
magnetically conductive surface 72. As may be noted. 
said VRM's 82 and 84 аге interposed between said poles 
90 and 92 of said first and second permanent magnets 86 
88 respectively. 

Yet further provided in the embodiment of FIG. 6 is 
a third pole magnet 94 which is oriented intermediately 
of said VRMs 82 and 84 and which is in magnetic com- 
munication therewith. Said third pole magnet 94 exhib- 
its a magnetic axis which is substantially transverse to 
an axis connecting said VRMs Further, said third mag- 
net 94 possesses a pole 96 thereof which is disposed near 
to said windings 70 and which is in attractive magnetic 
relationship to said like poles 90 and 92 of said perma- 
nent magnets 86 and 88. Accordingly, said VRM con- 
trol means, through cyclical changes in the magnetic 
reluctance of said VRM's at the bases 74 and 76 of said 
magnetically conductive surface, will cause the mag- 
netic flux lines associated with the attractive magnetic 
relationship between said like poles of said permanent 
pole magnets and said nearest pole of said third magnet 
to correspondingly couple and decouple, this thereby 
causing a wiping effect across said winding as lines of 
magnetic flux swing between respective like poles 90 
and 92 of said two permanent pole magnets 86 and 88 
thereby causing electron movement within said wind- 
ing and thusly generating a flow of current therewithin. 

With reference to the embodiment of FIG. 7, this 
may be seen to comprise an elaboration of the embodi- 
ment of FIG. 6 in that the upper and lower hemisphere 
of FIG. 7 are seen to symetrically include the same 
elements above described with reference to FIG. 6. 
However, in the view of FIG. 7, the use of a magnetic 
concentrator 98 is also shown. Also, VRM's 82' and 84’ 
are used. % 

It is to be appreciated that the magnetically conduc- 
tive surface 72" of FIG. 7 may comprise many materials, 
these including such materials as an magneto hydro 
dynamic liquid, a superconducting liquid, a magnetic 
coating and a paramagnetic coating. 

Further it is to be appreciated that said VRMs may 
comprise many materials which, in addition to those 
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above noted, may include a bi-metallic solid-state ele- 
ment, a curved junction solid-state element, or a field 
effect solid-state element. 

While there has been shown and described the pre- 
ferred embodiments of the present invention, it is to be 
understood that the invention may be embodied other- 
wise than is herein specifically illustrated and described 
and that, within such embodiments certain changes in 
the detail and construction, in the form and arrange- 
ments of the parts, may be made without departing from 
the underlying idea or principles of this invention 
within the scope of the appended claims. 

Having thus described my invention, what I claim is 
new, useful and nonobvious and, accordingly, secured 
by Letters of Patent of the United States is 

l. An electrical generator, comprising 

(а) an electrica! winding defining a magnetically con- 
ductive zone having bases at each end thereof, said 
winding including means for removing 2n induced 
current therefrom; 

(6) two pole electromagnets, each having a first and a 
second pole, each first pole thereof in magnetic 
communication with one base of sa;d magnetically 
conductive zone; 

(c) a third pole magnet, said magnet compnsing a 
permanent magnet, said third magnet oriented in- 
termediately of said first poles of said two pole 
electromagnets and in magnetic communication 
with said electromagnets, said third pole magnet 
having a magnetic axis substantially transverse to 
an axis of said magnetically conductive zone, said 
third magnet having a pole thereof nearest to said 
zone and in magnetic attractive relationship to said 
first poles of said two pole electromagnets, in 
which said first poles thereof are like poles; 

(d) control means for cyclically reversing the mag- 
netic polarities of said electromagnets, 

whereby said control means, through said cyclical 
change in said magnetic polarities of said electromag- 
nets, will cause magnetic flux lines associated with said 
attractive magnetic relationship between said first poles 
of said electromagnets and said nearest pole of said third 
magnet to correspondingly reverse, thereby causing a 
wiping effect across said magnetically conductive zone. 
as lines of magnetic flux swing between respective first 
poles of said two electromagnets, thereby inducing 
electron movement within said winding and thusly 
generating a flow of current within said winding 

2. The electrical generators recited in claim 1 which 
said path of said wiping effect occurs along the same 
axis as a principal axis of said magnetically conductive 
zone. 

3. The generator as recited in claim 2 in which said 
electrical winding about said magnetically conductive 
zone comprises a helical winding. 

4. The generator as recited in claim 3 in which said 
magnetically conductive zone comprises a magnetic 
core. 

5. The generator as recited in claim 4 in which said 
core and windings comprise a superconductive mate- 
rial. 

6. The generator as recited in claim 2 in which said 
control means comprises flat spirally-wound elements, 
the plane of such flat spiral elements being transverse to 
said primary axis of said electromagnet. 

7. The generator as recited in claim 1 in which said 
control means comprises an electromagnetic path be- 
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tween sad second ends of said electromagnets in which core and windings comprise a superconductive mate- 
а polarity control signal is applied across said path. rial 

8. The electrical generator as recited in claim 7 in 5 ማዘ А Р 
which said electrical winding about said magnetically 11. The generator as recited in claim 1 in which said 
conductive zone comprises a helical winding. .. $ control means comprises flat spirally wound elements, 

9. Tbe generator эз recited т claim 8 іш which said the plan of said flat spiral elements being transverse to 
magnetically conductive zone comprises a magnetic x 5 š 8 
core. the primary axis of said magnetic path of travel. 

10. Тһе generator as recited in claim 8 in which said ы. Ж. Ж, е 
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[57] ABSTRACT 
А dc/dc converter comprising a permanent magnet 
i spaced-apart poles and a permanent > 


varied to cause th= pattern of the lines of force of the 
magnetic field to shift. An output conductor is disposed 
in the field in fixed relation to the magnet and із posi- 
tioned to be cut by the shifting lines of permanent mag- 
netic force so that a voltage is induced m the conductor. 
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ELECTROMAGNETIC CONVERTOR WTIH 
STATIONARY VARIABLE-RELUCTANCE 
MEMBERS 


BACKGROUND OF THE INVENTION 


This invention relates to an energy conversion system 
having а magnet with spaced-apart poles of opposite 
polarity, the magnet being permanently magnetized to 
create za external field having lines of permanent mag- 
metic force extending between the poles of the magnet 
aad there being am electrical conductor positioned in 
the permanest magectic field. As is well known, if there 
is гсізіуе movement between the inagnetic field and 
the conductor, sech that the conductor * cut by the 
magnetic less of force, am electrical voltaje will be 
induced ia the comductor. If the ends of the conductor 
are connected to an electrical load, en output current 
will (low through the conductor and load. 
` More specifically, the present invention relates to the 
manner in which the permanent magnetic field is shifted 
by the application of electrical power to the system and 
has for its principal object the provision of a new and 
novel manner by which дс energy is used to cause а 
shifting of the permanent magnetic field so as to induce 
an output voltage ard current. 

For a given system of such type, the output power 
will be a function of the number of times that there is a 
relative movement of the magnetic field and output 
conductor per unit time. The greater the number of 
cycles of relative movement per unit time, the greater 
will be the power output, up to the limit determined by 
the time constant of the system, ie., the time required 
for the voltage to be induced in response to a sudden 
cutting of a conductor by a relatively moving magnetic 
field. 

It is a farther object of the invention to provde an 
energy conversion system capable of operating effi- 
Gently at high frequencies. 

SUMMARY OF THE INVENTION 

Tbe primary object of the present invention is 
achieved by positioning a core member in the msgnetic 
field of a permanent magnet, the core member being 
postticned in fixed relation to the magnet and by vary- 
ing tbe magnetic reluctance of the core member at а 
controlled rate. The changes in magnetic reluctance of 
the core member will cause distortions in the permanent 
magnetic field so that the pattern of the lines of force 
will shift beck and forth relative to the magnet. An 
electrical conductor is also positioned in fixed relation 
to the magnet and positioned in the field at a location 
therein so that the warpage and shifling of the perma- 
nent magnetic Блез of force will cut across the conduc- 
tor and induce a voltage therein as the reluctance of the 
core is vaned. 

More specifically, it bas been realized that unmsgne- 
tized core members of barium- or strontium- and ferric- 
Oxide material having a stable lamellar pattern of resid- 
wal induced magnetic distribution and a path of least 
magnetic reluctance across the shortest, or face-to-face, 
direction, сая be energized by а сой having windings 
across its faces so that the path of least reluctance ex- 
tends іп an edge-to-edge direction, the direction of least 
feloctance reverting to the stable direction when de- 
energized by the coil It has been further realized that 
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ን 
duce shif..ug of the pattern of а permanent magnetic 
field. 

The utilization of barium- or strontium- and ferric- 
oxide material is also sdvantagsoas in that such material 
has excellent high-frequency characteristics, permitting 
Operating frequencies at the optimum frequency deter- 
mined by the time constant of the system. 

Other objects and advantages wiil be set forth in the 
course of tbe following detailed descripnon. 

SRIEF DESCRIPTION ОЕ THE DRAWINGS 

In the drawings, forming a part of this applica ica, 
and in waich like parts are designated by like reference 
numerals throughout the same, 

FIG. 1 illustrates a magnetic core of a material having 
а lamellar distribution of magnetism; 

FIG. 2 is a diagram of the stable magnetic distribut:om 
of the core of FIG. 1; 

FIG. 3 5 a dia, jc representation of the effect 
of the core of FIGS. 1 and 2 when placed in a uniform 
magnetic field; 

FIG. 4 illustrates tbe core of FIG. 1 with an excita- 
tion coil wound thcr=xaround; 

FIG. 5 is а Ccisgrammactic representation of the mag- 
netic በፎ. of be core of FIG. 4 when the excitation coil 
is electrically energized; 

FIG. 6 is a diagramiaatc representation of the effect 
of the core of FIGS. 4 and 5 on a uniform magnetic 
field; 

FIG. 7 is a perspective view of a magnetic generator 
constructed in accordance with the invention and with 
the excitation and output circuits being shown schemat- 
ically; 

FIG. 8 is a simplified illustration of the embodiment 
of FIG. 7; 

FIGS. 9-13 are diagrammatic representations of the 
magnetic field of the permanent magnet of F!G. 8 for 
different energizations of the excitation coils; 

FIG. 14 is а <mpliied illustration of the embodiment 
of FIG. 7, illustrating a modification of the output coil; 

FIG. 15 is a simplified illustration of the magnetic 
generator of FIG. 7 with a keeper ring encircling the 
ends of the variable-reluctance members; 

FIGS. 16-18 are diagrammatic representations of the 
magnetic field of the permanent magnet of FIG. 15 for 
different energizations of the excitation coils; 

FIG. 19 illustrates, in simplified form, a further modi- 
fication of the invention, similar to FiG. 15, but with a 
U-shaped keeper ring: 

FIGS. 20-22 are diagrammatic representations of the 
pattern of the permanent magnetic field for different 
energizations of the eacitation coils; 

FIG. 23 illustrates, in simplified form, a further modi- 
fication cf the invention, with separate keeper members; 

FIGS. 24-26 are diagrammatic representations of the 
pattern of the permanent magnetic field for different 
energizations of the excitation coils. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


The ordinary stable distribution of magnetism along a 
bar is solenoidal, i.e, the molecules of the magnet are 
Oriented so that the lines of magnetic force extend tbe 
length oí the magnet with the lines of force passng 
through the surface of the magnet pnmarily at the poles 
located at the ends of the bar. 

Magnetic materials are available, however, whereia 


such variable reluctance property can be used to pro- the stable distribution of induced magnetism is lamellar, 
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with the molecules having a stable orientation m а di- 
rection such that tbe lines of force extend through the 
shortest direction of the magnet, ie, from face to face, 
so that opposed faces have opposite magnetic polarities. 
The present invention utilizes the magnetic properties 5 
of materials having a lamellar distribution of magae- 


tism. 

Аз for example, permanent magnetic ceramic mate- 
rial comprised of barium-oxide and 1-on-oxide, ос stron- 
tium-oxide and iron oxide may be wsed to make magnets 0 
having a lamellar magnetic distributioa. For example, 
iron-oxide and barium-carbonate are blended, pelletized 


magnetic field which canses the partickes to magneti- 20 
cally orient themselves іп the pressed direction. The 
pressed: magnet is then dried and maiered at tempera- 
tures about 2000* F. for several days. Tbe material may 
then be permanently magnetized, with a field of at least 
10,000 oersteds ог 20,000 ampere/turns per inch being 25 
required for saturation. The induced magnetism will 
have a stable lamellar distribution through the shortest 
polar direction, from face to face of the magnet. 

Permanent magnetic material with a grain orientation 
as just described is commercially available, in magne- 30 
tized or unmagnetized form, as for example, from Cro- 
cible Magnetics Division of Сой Industries, Elizabeth- 
town, Kentucky. 

The magnetic behavior of such material is illustrated 
in FIGS. 1-6, wherein a magnetic core 10, having a 35 
thickness 1, width w, and length / is shown, the core 10 
having been formed іп a manner аз described above. As 
shown in FIG. 2, the individual particles of which the 
core 10 is composed set up a field effect in the directiva 
of the shortest polar direction of the core, Le, between 40 
the opposed faces 11 and parallel to the side edges 12 of 
the core, а indicated by the arrows on FIG. 2 

FIG. 3 illustrates the effect if an unmagnetized core 
10 is placed in a uniform magnetic field 13 created zs by 
opposed poiarity poles 15 and 16 of permanent magnets, 45 
the lines of force of field 13 being by lines 
17. The magnetic reluctance of core 10 із Jess than that 
of air and the lines of force will pass through the core ia 
the direction of stable magnetic orientation of the core 
imposed tbercin during manufacture. so 

If a сой 18 is placed around the core so that tbe axis 
of the сой is parallel to the faces 11 of the core and 
switch 19 is closed so that the сой is electrically ener- 
gized from battery 20, as in FIG. 4, tbe current in the 
coil will set up a magnetic field which will induce mag- 55 
netic lines of force in the core which extend generally 
parallel to the faces 11 so that opposed side edges 12 of 
the core become the magnetic poles, FIG. 5. 

FIG. 6 illustrates the effect of the core 10 if it is posi- 
tioned in magnetic field 13 as in FIG. 3 and the сой 15 60 
is electrically energized. Again, a number of the lines of 
force 14 will extend through the core but primarily now 
in the lesser reluctance direction therethrough of the 
lines of force set up by coil 13. 

If the cod 15 is now de-energized, by opening switch 65 
16, the residual field pattern cf the magnetism induced 
in the core by coil 15 will not remain in an edge-to-edge 
pattern, but will seek and revert to its normal stable 


4 
Orientation across the shortest polar direction of the 
core, ie, as in FIG. 2, so that the magnetic lines 14 of 
field 13 again extend through the core, from face to face 
thereof ss illustrated in FIG. 3. 

Thus, the core 10 with its stable lamellar magnetic 
distribution comprises a variable-relectance member in 
which the magnetic reluctance from face to face differs 
from the magnetic reluctance from edge to edge and, as 
compared thereto, is relatively high or low depending 
on whether the coil 15 is electrically energized or de- 
energized, respectively. 

As is seen in FIGS. 3 and 5, the patiera of the lines of 
force 17 of the magnetic беја 13 will shift back and 
forth as сой 18 is energized and de-energized. If an 
electrical comductor 21 is disposed im the field, as shown 
im FIGS. 3 and 6, im fixed relation to the poles 15 and 16 
and core 10 and extending perpendicalarty to the plane 
of these figures, ard positioned to be cut by some of the 
8855 of force 17 аз the field pattern shifts, a voltage will 
be induced therein by the lines of force each time the 
сой is energized or de-energized. 

The principle described above is utilized in one form 
of the present invention, as illustrated im FIG. 7. In this 
instance, a permanent magnet 25 is formed of a plurality 
of individual core pieces 26 each having a lamellar 
distribution of magnetism and stacked face to face with 
adjacent faces being of opposite polarity so that а com- 
posite bar magnet is formed having poles of opposite 
polarity at the ends 27 and 28 of the bar. The bar magnet 
is permanently magnetized and, if the core material is 
barium- and ferric-oxide, a residual permanent magne- 
tism in the order of 2950 gauss (lines per square inch) 
may be induced therem. Merely by way of illustration, 
the шәрі 25 may be made of core pieces 26 each being 
onc inch thick, two inches wide and cight inches long, 
so that the magnet after magnetization will have a resid- 
888] magnetism in the order of 63,000 gauss. Core pieces 
of barium- or strontium- and ferric-oxide are preferably 
used in the formation of the permanent magnet 25 be- 
cause of the low hysteresis losses at very hign frequen- 
cies, for the reasons set forth more fully below. 

Variable-reluctance members 29, 30, 31 and 32 аге 
disposed at the ends of the bar magnet 25. Each of these 
members may be made oi two core pieces, e.g., 29a and 
298, each having a lamellar distribution of magnetism, 
placed face to face against each other. The side edges 33 
of the core pieces are formed at an angle to the faces 34 
of the core pieces so that the side edges 33 will be flush 
against tbe sides of the bar magnet, with no air gap 
therebetween, with the faces 34 of the core pieces being 
inclined at an angle to the longitudinal axis of tbe bar 
magnet. The side edges 35 of the core pieces opposite 
from the side edges 33 will thus be disposed away and 
outwardly from the bar magnet 25. The core pieces of 
these variable-reluctance members are unmagnetized. 
Although the members 29-32 are illustrated as made up 
of two core pieces, a single piece, or more than two may 
be used. Preferably the cross-sectional area of the cores, 
in 8 plane normal to faces 34 is the same as the cross-sec- 
tional area of the bar magnet 25. 

Coil 39 is disposed around variable-reluctance mem- 
ber 29, with the axis of the coil being parallel to the 
planes of the faces 34 of member 29, the coil having a 
suitable number of turns to produce the desired amount 
of magnetic induction of the member 29 when supplied 
with electrical current. Coils 40, 41 and 42 are similarly 
associated with variable-reluctance members 30, 31 and 
32, respectively. 
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А series of direct current, eg, battery 43, 5 com- 
nected by switch 44 to a variable frequency oscillator 46 
whose frequency may be adjusted аз desired. The out- 
put of the oscillator is fed to flip-flop 47 so that the Q 
and Q outputs thereof will change at a rate dependent 
on the frequency of the oscillator. The Q and Q outputs 
аге applied to the bases of power transistors 48 and 49 so 
that these transistors wil conduct alternately. When 
switch 44 Б closed and transistor 4$ is conducting, cur- 
rent from bartery 43 will flow through switch 44, line 
51, coil 40, line 52, сой 41, line 53, diode 54 and transis- 
tor 48 back to the battery. If transistor 49 is conducting, 
Current will flow through line 55, coil 30, lime 56, сой 
42, line 57, бюде 58 and transistor 49 back to the bat- 
tery. Diodes 54 zad 58 are provided to protect transis- 
tors 54 and 58 from the inductive reactance of the coils 
when they are de-enerprzed. Adjustment capacitor 61 is 
connected between limes 51 amd 52, Le. across the im- 
dectance of сой 48, so that the circuit can be tuned for 
resonance and maximum efficiency at the desired fre- 
quency of operation. Adjustment capacitors 62, 63 and 
64 are similarly associated with coils 40, 41 and 42. The 
windings of coils 39-42 are wound іп a direction so that 
the magnetic field created by energization thereof will 
aid the magnetic field of permanent magnet 25 to avoid 
degaussing of the magnet in operatior. 

Output coils, for example coils 65 ап d 66 connected in 
parallel with cach other, will generate an alternating 
current at the frequency of oscillator 46, which is fed by 
lines 67 and 68 to rectifier 69 to convert the ас. output 
to d.c, the output being fed to a fixed frequency im- 
verter 70, which supplies pulsating d.c. current, e.g., at 
60 cycles per second, to primary 71 of transformer 72. 
The secoodary 73 will then deliver ac. current at the 
desired voltage and frequency to load 74. Adjustable 
tuning capecitors 76 and 77 are connected across outpat 
coils 65 and 66. 

The operation of the system of FIG. 7 is illustrated in 
FIGS. 8-11, FIG. 8 being a simplified diagram of the 
FIG. 7 system not including the output coils, and with 
transistors 48 and 49 beizg represented by switches 48' 
and 49" respectively. 

With both switches 48° and 49 open, no er —izing 
current will be supplied to any of the coils 39-492, д-зе 
only magnetic fiekd present is the field producud 
residual] magnetism of permanent magnet 25. The 
tern of this field is illustrated in FIG. 9. Since the edge- 
to-edye magnetic reluctance of the members 29-32 is 
Jess than the face-to-face reluctance when the coils are 
de-energized, the lines of force іп the field external to 
magnet 25 will extend primarily from and between the 
pole ends of magnet 25, and will extend through the 
members 29-33 generally perpendicular to the faces 34. 
Since the faces of members 29-33 are inclined to the 
Jongitudinal axis of magnet 25 so that the faces аге sub- 
stantially perpendicular to the lines of force, substan- 
tially the same pattern of the lines of force will exist 
whether the members 29-33 are present or not. Al- 
though the flux concentration will be greatest at the 
ends of magnet 25, considerable lines of force will pass 
through the surface of magnet 25 along the length 
thereof. The number of lines of force present in the 
external field will, of course, equal the number of lines 
of the residual magnetic force induced in the magnet by 

If switch 48° is now closed, coils 39 and 41 will be 
Simultaneously energized, and the current in the coils 
will induce a magnenc field in members 29 and 31 suffi- 
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cient to change the edge-to-edge шағпесс reluctance so 
that it is less than the face-to-face reluctance. As 2 re- 
sult, the lines of force in magnet 2$ will extend throegh 
magnet 25 and edge-to-edge through members 29 and 
31 so that the side edges 35 of members 29 and 35 be- 
come the main poles of the magnet. In a sense, И сап >e 
said that energization of coils 39 and 41 has changed the 
physical shape of the magnet to displace its ends so chat 
the axis of the magnet is now a lise drawn between che 
ends 35 of members 29 and 31. The shift of the maze: 
axis produces а consequent shift im the external без zs 
illustrated in FIG. 10. As seen, the faces of de-cnerg-——d 
vartabic-refuctance members 30 and 32 sre still geser- 
ally perpendicular to the external lines of force and toms 
produce little distortion of the shifted бекі pattern 

If switch 48° is reopened and switch 49 is left open, 
the de-energization of coils 39 amd 41 will allow the 
residual magnetism in members 29 and 31 to restore to 
stable lamellar face-to-face distribution so that the per- 
manert magnetic field of magnet 25 shifts back to the 
pattern of FIG. 9. 

Closure of switch 49 will energize both coils 40 xad 
42, causing a shift of the permanent magnetic field іп the 
Opposite direction, as illustrated in FIG. 11 Reopemmg 
of switch 49° allows the field to restore to the patters of 
FIG. 9. 

Thus, аз switches 48° and @ are alternately closed 
and opened, the pattern of the magnetic field will shift 
back and forth relative to the center of magnet 25, in 
substantially the same manner as if magnet 25 were 
physically oscillated about its center. 

The output coil or coils should be located relative to 
magnet 25 so that the maximum sur-ber of lines u? force 
will cut the windings of the сой during the above- 
des-ribed shifting of the field. Although the sequential 
excitation of coils 29-33 will create additive magnetic 
lines of force and thereby generate some output current 
in the output coils by mutual inductance or transformer 
action, the primary generation of output current will be 
caused by the shift of the lines of force of the permanent 
magnetic field relative to the output сой windings 

The shift of the field will depend to some extent oa 
tbe angle of inclination of the variable-reluctance mesa- 
bers to tbe longitudinal axis of magnet 25. Results show 
that the optimum angle is at about 457 , bot the incEma- 
Tian can be varied 5 therefrom zad still рго- 
duce а usable field shift. 

The power ошро! from the system will depend пров 
the number of lines of force cutting the output сой 
windings per unit time, and will increzse as the rate of 
shifting of the field increases. For a given system, the 
power output has an upper limit determined by the tame 
constant of the system, the time constant for magnezic 
Circuits being conventionally defined аз the time taken 
for the output to rise to 63% of its бша! value whea а 
sudden magnetic excitation is applied. The time con- 
stant will depend on all of tbe parameters of the system 
involved. For systems as described hereim, the maxi- 
mum frequency of operation may range from 1600 
Hertz to several million Hertz. Ia any event, for a given 
system, the theoretical power output can be increased 
by increasing the frequency of field shifting until the 
upper limit is reached. Increasing the frequency beyond 
that limit will result in а decreasing output since the 
System cannot respond that quickly. 

An increase in frequency of operatioa will generaly 
increase the power losses, primarily hysteresis losses. 
The use of barium- or strontium- and ferric-oxide mane- 
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rial is particularly suitable in the present invention be- 
cause of tbe very low power loss therein at high-fre- 
quency operation. 

To optimize performance of the present invention, 
tbe oscillator 46 should be set to oscillate at a frequency 
related to the time constant of the system, and the ad- 
justable capacitors 61-64 and 76 and 77 should be 
trimmed so that uae coils will resonate at that frequency. 
Although direct current is applied to tbe excitation coils 
39-41, the output voltage and current from coils 65 and 
66 will be alternating since it is produced by the resul- 
tant back-and-forth shifts of the magnetic field. The 
frequency of alternation of the output will be the same 
zs the frequency of the oscillator 46 and hence the use of 
rectifier 69 and inverter 70 to reduce the frequency to a 
standard value for operation of the load 74 which may 
be resistive, mductive or capacitive in nature. 

It is apparent, from а consideration of FIGS. 8-11, 
that variable-reluctance members 30 and 32 could be 
eliminated. In such case alternate but simultaneous ener- 
gization and deenergization of coils 39 and 41 would 
cause the permanent magnetic field to shift back and 
forth from the patterns illustrated in FIGS. 9 and 10. 
Similarly, if members 30 and 32 were eliminated, a shift 
of the permanent magnetic field could also be produced 
by energizing and de-energizing coil 39 and then coil 41. 
Further, if only one variable-reluctance member, е.8., 
member 29, were used, alternate energization and de- 
energization of its coil would create some shift of the 
permanent magnetic field. In each instance, however, 
the degree of field shift would decrease substantially as 
compared to a system wherein four variable-reluctance 
members are used. 

In the four variable-reluctance members described 
above, excitation coils on opposite sides of the perma- 
nent magnet were simultancously energized. If desired, 
however, coils 39 and 42 could be simultaneously ener- 
Бей, while leaving coils 40 and 41 de-energized. In 
such case the pattern of the lines of force in the perma- 
nent magnetic field would shift to a pattern as illustrated 
in FIG. 12 Deenergization of coils 39 and 42 would 
restore the field to the FIG. 9 position and subsequent 
energization of coils 40 and 41 would cause the fie!d to 
shift to the pattern illustrated in FIG. 13. Again, the 
lateral shifting of the lines in the field can be utilized to 
cut the winding of the output coil and generate an out- 
pot voltage as a result. For example, a toroidal output 
coil 75 having a plurality of windings wound around 
magnet 25 from close to the magnet to a considerable 
distance therefrom (FIG. 14) will intercept substantially 
all of the permanent magnetic lines of force as they shift 
beck and forth. 

A modification of the invention is illustrated in FIGS. 
15-18. In this case, the permanent magnet 25 ard varia- 
ble-reluctance members 29-32 аге arranged as in FIG. 
7, each member 29-32 having one of the coils 39-42 
associated tberewith. А keeper ring 80 extends around 
and joins the ends of the variadle-reluctance members 
29-32, ring 80 being in physical conuct with the ends of 
members 29-32 so that there is no air gap therebetween. 
Preferably the ring 80 is built up of bars or plates of 
unmagnetred material of the same compcation and 
magnetic properties as those of the variable-rcluctance 
members, the bars or plates being disposed in edge-to- 
edge or face-to-face relationship around the ring. The 
cross-sectional area of the keeper ring is preferably the 
same as that of the variable reluctance members and the 
ber magnet Barium- or strontium- and fernc-oxide 
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material is again preferred because of its high-frequency 
Р б 


When both switches 48" and 47 аге open, the pattern 
of the permanent magnetic field will be as illustrated in 
FIG. 17. With the coils de-energized, the path of least 
reluctance through members 29-32 is from face to face. 
Very little of the magnetic flux passes through members 
29-32 to the ring 80 and the effect is as if the ring is 
spaced from magnet 25 by a substantial sir gap. Thus, 
even though the edge-io-edge reluctance of the ring 
elements is considerably less than that of air, the great- 
est samber of the external limes of magnetic force will 
be im the region between ring 80 and magaet 25, al- 
thoegh some will extead through ring 88. 

H switch 47 is closed, сойз 39 and 41 will be ener- 
рге camsing the edge-to-edge rchactamce of members 
29 zad 31 to be less than their face-to-face rchactance, so 
that the ends of these members im effect become the 
poles of the magnet. Since the ring 80 is im contact with 
the ends of variable-reluctaace members 29 and 31 with 
то high-reluctance gap therebetween, and since the 
magnetic reluctance of the ring elements is much less 
than that of air, а jow-reluctamce path is formed be- 
tween the effective poles of magnet 2$. As а conse- 
quence, substantially all of the 3c lines of force 
shift from the pattern of FIG. 17 and extend through the 
Jow-reluctance keeper ring. 

If switch 48' is opened, coils 39 aad 41 аге de-ener- 
gized so that tbe residual magretism of members 29 and 
31 again restore to a lamellar face-to-face distribution 
and the magnetic field shifts back to the pattern of FIG. 
17. Closure of switch 49 causes coils 40 and 42 to be 
energized so that the magnetic field pattern shifts again 
to the position illustrated in FIG. 1. 

The net effect is the same as physically moving a 
low-reluctance keeper into and out of engagement with 
the ends of a magnet. As will be apparent from 8 consid- 
eration of FIGS. 16-18, in order for the lines of mag- 
netic force to shift back and forth from the keeper ring 
80 to the cavity between the ring and magnet 25 so that 
the lines of force will cut the windings of output сой 81, 
which may be a single coil, as illustrated in FIG. 15, it 
is necessary to de-energize one set of coils before ener- 
ይጋ of the other set so that the field pattern can 
restore to the FIG. 17 pattern. 

Н is also apparent, from a consideration of FIGS. 16 
and 18, that the direction of the Басз of magnetic force 
in the ends 82 and 83 of the keeper ring is different, 
depending upon which set of coils 39 and 41 ос 40 and 
42 is energized. As а consequence output coils 84 and 85 
could be wound around these ends of the keeper ring to 
be energized by the flux reversal in a cycle of operation, 
even if switches 48° and 49” are operated ia such manner 
that the switches are opened alternately bet only 
opened if the other is closed, іс, if the field pattern 
shifts back and forth between the pattern of FIGS. 16 
and 18 without restoring to the pattern of FIG. 17. 

FIGS. 19-22 illustrate another modification of the 
invention, similar in design to the embodiment of FIG. 
15, but differing therefrom im that keeper 90 is U- 
shaped, with legs 91 and 92 connected oaly st ead 93. 
FIGS. 21, 20 and 22 illustrate the pattera of the zag- 
netic freid of permanent magnet 25 whea bob switches 
45 and 47 are open, when switch 4፳ и closed, and 
when switch 49 is closed, respectively. Since keeper 90 
does not connect directly between vanmble-reluctance 
members 31 and 32, the full mageenc Пол extending 
through members 31 ос 32, depending os wiuch set of 
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coils is energized, will extend through keeper leg 92 оғ 
91, respectively. 

As in the other embodiments, the output сой от coils 
will be disposed in fixed relation to the magnet 25 and 
positioned so that the windings are cut by the shifting 
magnetic lines of force. FIG. 19 illustrates an arrange- 
ment wherein two output coils 94 and 95 are utilized, 
these coils bemg wound around the legs 91 and 92, 
respectively, of keeper 90. The output coils are illus- 
trated as being electrically connected іп parallel, al- 
though they could be series-sonnected or have indepen- 
dent outputs. When electrically connected together, the 
Outpt Coils are connected together with due regard for 
the polarity of the induced voltages so that the voltages 
do not oppose each other. 

In both of the embodiments of FIGS. 15 and 19, 
wherein а keeper is used, the external magnetic field of 
magnet 25 shifts back and forth from a high-reluctance 
path, іе, the аш cavity between the keeper and magnet 
25, аз illustrated in FIGS. 17 and 21, and a jow-reluc- 
tance path through the keeper, as illustrated in FIGS. 
16, 18, 20 and 22 Although the reluctance of the exter- 
nal magnetic circuit thus varies, the permanent mag- 
netic flux of magnet 25 does not vary. Likewise, the 
number of lines of permanent magnetic force in the 
external magnetic circuit, which equals the number of 
lines in magnet 25, remain the same. As а consequence, 
the output is directly related to the degree of permanent 
magnetization of magnet 25 and the positioning of the 
Output coils in the external field so thet the windings 
thereof are cut by the shifting patterr of the constant 
number of permanent magnetic lines of force. The exci- 
tation cous, 39-42, wound in a direction to aid the per- 
manent magnetic force will provide a variable magnetic 
field as the coils are energized and deenergized, in addi- 
tion to the permanent field so that the total flux in the 
permanent magnet and in the external magnetic circuit 
will increase from the permanent magnetic flux to a 
high value and the decrease to the permanent magnetic 
flux. This variable magnetic field produced by the exci- 
tabon сой also contributes to other output through 
mutual induction. 

FIGS. 23-26 illustrate another modification of the 
invention wherein the permanent magnet 25 has rela- 
tively broad end pole faces and wherein the variable- 
reluctance members 29-32 are positioned with their side 
edges against the end pole faces of magnet 25 so that the 
longitudinal axis of magnet 25 is parallel to the faces of 
the variable reluctance members 29-32. A first U- 
shaped keeper 95 extends from member 29 to member 
32 with the keeper legs 96 and 97 being in contacting 
engagement with the ends of members 29 and 32 А 
second U-shaped keeper 98 is similarly positioned with 
its legs 99 and 100 contacting variable-reluctance mem- 
bers 30 and 3L 

With switches 48° and 49 both open, the permanent 
magnetic field of magnet 25 will be as illustrated in FIG. 
25. When switch 48° is closed, coils 39 and 42 will both 
be energized, providing а low-reluctance path to keeper 
95, so that the magnetic field of magnet 25 shifts to the 
pattern illustrated in FIG. 26. Similarly, if switch 48° is 
Open and switch ΦΥ͂ is closed, the pattern of the mag- 
nenc field of magnet 25 will shift to the pattern illus- 
trated in FIG. 24. 

As illustrated in FIGS. 24-26, the magnetic lines of 
force of magnet 25 will shift back and forth across the 
end faces of magnet 25 as the switches 48° and 49 are 
ahernately closed and opened. Output сой 101 may be 
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tending from pole to pole of said magnet means, 

b. variable-reluctance means for shifting the pattern 
of said lines cf force, said variable-reluctance 
means having a relatively low magnetic reluctance 
in one direction therethrough when electrically 
energized and a relatively high magnetic reluc- 
tance in said one direction therethrough when 
electrically de-energized, said variable-reluctance 
means being disposed in said permarent magnetic 
field and in fixed relation to said permanent magnet 
means, said variable-reluctance means comprising 
at least one unmagnetized but magnetizable core 
having spaced-apart faces and side edges extending 
between said faces, the distance between said faces 
being the least distance through said core, said core 
having a lamellar distribution of magnetism from 
face to face thereof when magnetized, 

с. means for cyclically electrically energizing and 
de-cnergizing said variable-reluctance means and 
including an electrically conductive excitation coil 
means surrounding said core, the plane of said coil 
means being substantially inclined relative to the 
planes of said faces, 

€. electrical conductor means disposed іп said perma- 
nent magnetic field in fixed relation to said perma- 
осы magnet means and having at least one conduc- 
tor positioned to be cut by lines of magnetic force 
in said field during a shift in the pattern of said lines 
of magnetic force. 

2. Apparatus as set forth in claim 1 wberein said core 
is composed of pressed and sintered barium- or stronti- 
um- and iron-oxide particles. 

3. Apparatus as set forth in claim 1 wherein said core 
has spaced-apart and opposed side edges one of which is 
adjacent оос of the poles of said permanent magnet 
means. 

4 Apparatus as set forth in claim 3 wherein said one 
side edge of said core is in physical engagement with 
said permanent magnet means and the opposed side 
edge п spaced away from said permanent magnet 
means. 

5. Apparatus as set forth in claim 4 wherein said faces 
of said core are inclined outwardly from а line extend- 
ing through said permanent magnet means from pole to 

tnereol 


45 pole 


6. Apparatus as set forth in claim 1 wherein said per- 
manent magnet means comprises an elongated bar with 
the magnetic poles being at the ends of szid bar. 
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7. Apparatus as set forth in claim 6 wherein said core 
has spaced-apart and opposed side edges one of which is 
in physical engagement with said permanent magnet bar 
and adjacent one of the poles thereof and the opposed 
side edge is spaced away from said permanent magnet 5 
bar, and wberein said faces of said core are inclined 
outwardly from a line extending through said perma- 
nent magnet bar from pole to pole thereof. 

8. Apparatus as sei forth m claim 7, wherein said 
permanent magnet bar comprises a plurality of perma- 10 
nently magnetized cores each having spaced-apart faces 
and side edges extending between said faces, the dis- 
through said core, said cores each having 8 stable lamel- 
lar distribution of magnetism from face to face thereof, 15 
said cores being stacked face to face with faces of oppo- 
site magnetic polarity adjacent each other. 

9. Apparatus as set forth in claim 8 wherein the cores 
of said permanent magnet bar and said varisble-reluc- 
tance means are composed of pressed and sintered bari- 20 


10. Apparatus as set forth in claim 1 wherein said 
permanent magnet means is in the shape of an elongated 
bar and the magnetic poles are at the ends of said bar, 
and wherein said varisble-reluctance means includes a 25 
second unmagnetized but magnetizable core having 
spaced-apart faces and side edges extending between 
said faces, the distance between said faces of said second 
core being the least distance through said second core, 
said second core having a stable lamellar distribution of 30 
magnetism from face to face thereof when magnetized, 
and wherein said means for energizing said variable- 
reluctance means includes a second electrically conduc- 
tive excitation coil means associated with and surround- 
ing said second core, the planes of the faces of said 35 
second core being substantially inclined relative to the 
axis of said second coil means, said cores being spaced 
from each other and each core having a side edge 
thereof in physical engagement with said permanent 
magnet bar and adjacent a magnetic pole thereof. 40 

11. Apparatus as set forth in claim 10, wherein said 
permanent magnet bar comprises a plurality of perma- 
nently magnetized cores each having spaced-apart faces 
and side edges extending between said faces, the dis- 
tance between said faces being the least distance 45 
through said core, said cores each having a stable lamel- 
lar distribution of magnetism from face to face thereof, 
said cores being stacked face to face with faces of oppo- 
site magnetic polarity adjacent each other. 

12. Apparatus as set forth in claim 10 wherein said 50 
cores of said variable-reluctance means are disposed 
adjacent the same magnetic pole of said permanent 
magnet. 

13. Apparatus as set forth in claim 12 wherein the 
faces of both of said cores of said variable-reluctance 55 
means are inclined outwardly from a line extending 
through said permanent magnet bar from pole to pole 
thereof. 

14. Apparatus as set forth in claim 10 wherein said 
cores of said variable-reluctance means are disposed 60 
adjacent opposite magnetic poles of said permanent 
magnet. 

15. Apparatus as set forth in claim 14 and further 
including a keeper means spaced from said permanent 
magnet and having a low magnetic reluctance, said 65 
keeper means being in physical engagement with and 
extending from a side edge of one of said cores to a side 
edge of the other of said cores. 
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16 Apparatus 85 set forth in claim 15, wherein said 
permanent magnet comprises a plurality of permanently 
magnetized cores each having spaced-apart faces and 
side edges extending between said faces, the distance 
core, said cores cach having a stable lamellar distribu- 
tion of magnetism from face to face thereof, said cores 
being stacked face to face with faces of opposite mag- 
metic polarity adjacent cach other, and wherein the 
cores of said permanent magnet and said variable-reluc- 
tance means and said keeper means are composed of 
pressed and sintered berium- or strontium and ferric- 
axide particles. 

17. Apparatus as set forth in claim 14 wherein the 
faces of both of said cores of said variable-refuctance 
mezas are mchacd outwardly from a line extending 
through said permanent magnet ber from pole to pole 
thereof 


TR. Apparatus as set forth in claim 17 wherein both of 
zaid cores are disposed on the same side of a line extend- 
img through said permanent magnet from pole to pole 


19. Apparatus аз set forth in claim 17 wherein said 
Cores are disposed on opposite sides of a line extending 
through said permanent magnet from pole to pole 
thereof 


20. Apparatus аз set forth in claim 1 wherein said 
permanent magnet means is in the shape of an elongated 
bar and the poles of said magnet are at the ends of said 
bar, and wherein said variable-reluctance means in- 
cludes three additional unmagnetized but magnetizable 
cores each having spaced-apart faces and side edges 
extending between saxd faces, the distance between said 
faces of said additional cores being the least distance 
through a core, each additional core having a stable 
lamellar distribution of magnetism from face to face 
thereof when magnetized, and wherein said means for 
energizing said variable-reluctance means includes an 
additional electrically conductive excitation coi] means 
associated with and surrounding each said additional 
core, the planes of the faces of each additional core 
bemg substantially inclined relative to the axis of the 
coil means associated therewith, said cores being spaced 
from each other and each core having a side edge 
thereof im physical engagement with said permanent 
magnet and adjacent a magnetic pole thereof. 

21. Apparatus аз set forth іп claim 20, wherein said 
permanent magnet comprises a plurality of permanently 
magnetized cores cach having spaced-apart faces and 
side edges extending between said faces, the distance 
between said faces being the least distance through said 
core, said cores each having a stable lamellar distribu- 
tion of magnetism from face to face thereof, said cores 
bemg stacked face to face with faces of opposite mag- 
netic polarity adjacent cach other. 

22. Apparatus as set forth in claim 20 wherein two of 
закі cores of said variable-reluctance means are dis- 
posed adjacent the other of the poles of said permanent 
magnet. 

13 Apparatus as set forth in claim 22 including а 
keeper means spaced from said permanent magnet and 
having a low magnetic reluctance, said keeper means 
being m physica) engagement with and extending from 
the sade edges of the cores at one of the poles of said 
magnct to the side edges of the cores at the other of the 
poles of said magnet 

24. Apparatus as set forth in claim 23 wherein said 
keeper means comprises а first keeper portion extending 
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directly between one of said cores at one of said magnet 
poles to one of said cores at the other of said magnet 
poles кімі а second keeper portion extending directly 
berween tbe other cores at the poles of said magnet. 

25. Apparatus as set forth in claim 24 wherein said 
keeper means includes a third keeper portion extending 
directly between the cores at one of the poles of said 
magnet 

26. Apparatus as set forth in claim 26 wherem said 
keeper means includes a fourth keeper portion extend- 
ing directly between the cores at the other of the poles 
of said magnet. 

27. Apparatus as set forth in claim 23, wherein said 
permanent magnet comprises a plurality of permanently 
magnetized cores each having spaced-apart faces and 
side edges extending between said faces, the distance 
between said faces being the least distance throug’ said 
core, said cores each having a stable lamellar discribu- 
tion of magnetism from face to face thereof, said cores 
being stacked face to face with faces of opposite mag- 
netic polarity adjacent each other, and wherein the 
cores of said permanent magnet and said variable-reluc- 
tance means and said keeper means are composed of 
pressed and sintered barium- or strontium- and ferric- 
oxide particles. 

28. Apparatus аз set forth in claim 22 wherein all of 
said cores are disposed with the faces thereof inclined 
outwardly from a line extending through said perma- 
nent magnet from pole to pole thereof, two of said cores 
being on one side of said line and two of said cores being 
on the other side of said line. 

29. Apparatus а5 set forth in claim 28 wherein said 
coils xssociated with cores on the same side of said 
permanent magnet are electrically connected for simul- 
tancous energization. 

30. Apparatus ss set forth in claim 28 wherein а coil 
associated with a core at one pole and at one side of said 
permanent magnet is electrically connected for simulta- 
neous energization with a coil associated with a core at 
the other pole and on the opposite side of said perma- 
nent magnet. 

31. Apparatus as set forth in claim 1 wherein said 
variabie-reluctance means includes a second unmagne- 
tized but magnetizable core having spaced-apart faces 
and side edges extending between said faces, the dis- 
tance between said faces of said second core being the 
least distance through said core, said second core hav- 
ing a stable lamellar distribution of magnetism from 
face-to-face thereof, one of said cores having a side edge 
thereof in physical engagement with said permanent 
magnet means adjacent one pole thereof and the other 
of sad cores having a mde edge thereof in physical 
engagement with said permanent magnet means adja- 
cent the other pole thereof, and wherein said means for 
energizing said variable-reluctance means includes an 
excitation coil means associated with said second core, 
each said coil means including a plurality of windings 
wound around the core associated therewith with the 
axis of said windings being substantially inclined from 
the faces of the core, and wherein said means for ener- 
gizing said variable-reluctance means further includes а 
source of direct current, a switching means, excitation 
Circuit means electrically connecting both of said ехсі- 
tation сой means to said source of direct current 
through said switching means, and oscillator means for 
closing and opening said switch means at a predeter- 
mined frequency. 
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32. Apparatus аз set forth in claim 31 and further 
including means associated with said excitation coil 
means for tuning said excitation circuit means to reso- 
nance at the frequency οἵ ταὶ] oscillator. 

33. Apparatus as set forth in cizim 31 wherein said 
conductor means comprises an output coil baving a 
plurality of windings, and further including output cir- 
cuit means connected to said σαῖρςι сой, said output 
circuit means including а rectifier means connected for 
converting alternating current output of said output coil 
to a direct current output and inverter means for con- 
verting said direct current output t) am alternating cur- 
rent outpat of predetermined frequency independent of 


34. Apparatus аз set forih in chim 33 and farther 
imcindimg means associated with said excitanon сой 
means for tuning said excitation circuit means to reso- 
sance at the frequency of said oscillator and further 
tuning said output circuit means to resonance at the 
frequency of said oscillator. 

35. Apparatus as set forth in claim 31, wherein said 
Permanent magnet means comprises a plurality of per- 
manently magnetized cores each having spaced-apart 
faces and side edges extending between said faces, the 
distance between said faces being the least distance 
through said core, said cores each having a stable lamel- 
lar distribution of magnetism from face-to-face thereof, 
said cores being stacked face-.o-face with faces of oppo- 
site magnetic polarity adjacent each other to form an 
elongated bar 

36. Apparatus аз set forth in claim 31 and further 
including a keeper means spaced from said permanent 
magnet meens and having a low magnetic reluctance, 
said keeper means extending from side edge of one of 
said variable-reluctance cores to the side edge of the 
other of said variable-reluctance cores. 

37. Apparatus аз set forth іп claim 36, wherein said 
permanent magnet means comprises a plurality of per- 
manently magnetized cores each having spaced-apart 
faces and side edges extending between said faces, tbe 
distance between said faces being the least distance 
through said core, said cores each having a stable lamel- 
lar distribution of magnetism from face-to-face thereof, 
said cores being stacked face-to-face with faces of oppo- 
site magnetic polarity adjacent each other to form an 
elongated bar magnet, and wherein said keeper means 
and said cores of said variable-reluctance means and 
said cores of said permanent magnet are composed of 
pressed and sintered barium- or strontium- and ferric- 
oxide particles. 

38. Apparatus as set forth in claim 37 and further 
including means associated with said excitation сой 
means for tuning said excitation circuit means to reso- 
nance at the frequency of said oscillator. 

39. Apparatas as set forth in claim 37 wherein said 
conductor means comprises an output сой having a 
plurality of windings, and further including output cir- 
Cuil means coonccted to said output coil, said output 
circuit means including a rectifier means connected for 
converting alternating current output of said output cod 
to a direct current output and inverter means for com 
verting said direct current outpot to an ahernating cur- 
rent output of predetermined frequency independent of 
the frequency of said oscillator. 

40. Apparatus as sct forth ia claim 39 and further 
including means associated with said excitation сой 
means for tuning said excitation сігсил means to reso- 
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nance at the frequency of said oscillator and further site magnetic polarity adjacent each other to form ап 
including means associated with said output сой for elongated bar magnet. 
tuning said output circuit means 16) resonance at the 46. Apparatus as set forth in cizim 45 and further 
frequency of said oscillator. including means sssocigted with said excitation coil 
41. Apparatus as set forth in claim 1 wherein said 5 means for tuning said excitation circuit means to reo- 


unmagnetized but magnetizable cores each having ና 
spaced-apart faces and side edges extending between Conductor means comprises жа output сой having a 
too ers [he distance between aid faces of said addi- | Plurality of windings, and further including output cir- 
ional cores being the least distance through said cares, αν E 2 2 
id additional cores each having a stable lamellar distr 79И means sterile тк акта Te 
bution of ism from face-to-face thereof, two of COnverung бетпен pO с ерші 
magneusm fo а direct ситем: output and inverte: means for con- 
the four cores being spaced apart from each other and verting said direct curreat оиро to an alternating cur- 


thereof and tbe other two of said cores being spaced : 48. Apparatus ш set forth im cizim 47 and further 


tance means includes an additional excitation coil means said output circuit means to resonance at the 
associated with each of said additional cores, each of frequency of said ae N 
said excitation coil means including a plurality of wind- 49. Apparatus as set forth in claim 41 and further 


energizing said variable-reluctance means further ው n ° ሪ 
сішіез а source of direct current, first and second maid varible-reluctance cores at one pole of said perma- 
Switching means, excitation circuit means electrically » ыч се КЭР о тЫ Ee e ana vari. 
connecting one of said excitation coils at one pole of pem ion physi pies 
said magnet and one of said excitation coils at the other Ме кескі i eed uu 
pole of said magnet to said source of direct current variable-reluctamce cores. 


necting the other two of said excitation coils to said 35 permanent magnet means comprises a plurality cf per- 
source cf direct current through said second switching manently magnetized cores each having spaced-apart 
means, and oscillator means for alternately closing and faces snd side edges extending between said faces, the 
ተምር said first and second switching means at a pre- distance between said faces being the least distance 
letermined frequency. through said core, said cores each having a stable lamel- 
42. Apparatus as set forth in claim 41 and further 49 lar distribution of magnetism from face-to-face thereof. 
including means associated with said excitatioa coils said cores being stacked face-to-face with faces 
means for tuning said excitation circuit means to reso- site magnetic polarity adjacent each other to form an 
nance at the frequency of said oscillator. elongated bar magnet, and wherein taid keeper means 
43. Apparatus as set forth in claim 41 wherein said and said cores of said variable-refuctance means and 
conductor means comprises an output сой having a 45 said cores of said permanent magnet are composed of 
plurality of windings, and further including output cir- pressed and sintered berium- or strontium- and ferric- 
cuit means connected to said output coil, said outpat oxide particles. . 
circuit means including a rectifier means connected for ә. Apparatus as set forth im claim 50 and further 
Converting alternating current output of said output сой — 
to a direct current output and inverter means for con- «0 T 
Verting said direct current output to an alternating cur. &2С© at the frequency of said oscillator. 
pg желе of ያ የያ independent оГ 4 ; ዴል | сой having š 
44. Apparatus as set forth in claim 43 and further ; ted ` t ` 
including means associated with said excitation coil ss оя E сд መወፀ эт ክፈ m 
means for tuning said excitation circuit means to reso- converting alternating current oatpat of said output coil 
nance at tbe frequency of said oscillator and further (ο а direct current output and inverter means for соп- 
including means associated with said output coil for verting said direct current output to an alternating cur- 
tuning said output circuit means to resonance at the rent output of predetermined frequency independent of 
frequency of said oscillator. 50 the frequency of said oscillator. 
45. Apparatus as set forth in claim 41, wherein sz,d 55. ለመር аз set forth ia claim 52 and further 
pemanen! magret means comprises а plurality of per- including means sssocated with said excitation coil 
mancntly magnetized cores each having spaced-apart means for tuning said excitation circuit means to reso- 
faces and side edges extending between said faces thé пагсе at the frequency of said oscillator and further 
distance between said faces being the least distance 69 including means assonaied with said Output сой for 
through said core, said cores each having stable lamel- Tuning said очїро! circuit means to resonance at the 
lar distribution of magneusm from face-to-face thereof, frequency of sud oscillator. 
ьо» 


said cores being stacked face-to-face with faces of oppo- e. 
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ЕІЕСТЕОМАСМЕТІС GENERATOR 

The present invention relates to apparatus for gener- 
jung electrical energy from magnetic energy and, more 
particularly, to a low cost electromagnetic generator 
wherein the direction of magnetic flux from a perma- 
nent magnet and flowing in a core member is rapidly 
alternated to generate an alternating current іп a wind- 
ing on the core member. 

Permanent magnets have long been recognized and 
used as sources of magnctic flux both separately and in 
combination with clectromagnets as means of intensify- 
ing current flow. In such instances, as the frequency of 
the control signal to the electromagnet has increased, 
so has the coil inductance of the electromagnet and the 
effective reluctance of the magnetic flux path to limit 
the magnitude of the gencrated current. 

It is an object of the present invention to provide an 
electromagnetic generator including a permanent mag- 
net as a flux source whercin the magnitude of the gen- 
erated current increases as a function of the frequency 
of the signals applied to control the direction of flux 
flow from the magnet. 

Another object of the present invention is to provide 
à low cost electromagnctic generator including a per- 
manent magnet and a core member in combination 
wherein the direction of magnetic flux flowing f: ^m the 
magnet in the core member is rapidly alternated uy 
switching means to generate an alternating current in a 
winding on the core member. 

A further object of the present invention is to provide 
àn electromagnetic generator including a permanent 
magnet and two separate magnetic flux circuit paths 
between the north and south poles of the magnet each 
including switching means for opening and closing the 
flux circuits in combination with a core member and 
means for alternately operating the switching means 
such that the direction of magnetic flux in the core 
member is rapidly alternated to generate an alternating 
current in a winding on the core member. 

Still another object of the present invention is to 
provide an electromagnetic generator of the foregoing 
character wherein the switching means includes means 
for saturating regions of the magnetic flux paths in 
directions substantially normal to the direction of flux 
flow from the permanent magnet to selectively block 
such flux flow and effectively open the magnetic flux 
circuits. 

The foregoing as well as other objects and features of 
the present invention may be more clearly understood 
by reference to the following detailed description when 
considered with the drawing which, by way of example 
only illustrates one form of electromagnetic generator 
including the features of the present invention. 

In the drawing: 

FIG. 1 is a perspective view of the an electromagnetic 
generator constructed ‘~ 22cordance with the present 
invention; 

FIG. 2 is a sectional side view of the electromagnetic 
generator taken along the line 2—2 in FIG. 1; 

FIG. 3 is a front view of the electromagnetic genera- 
tor of FIG. 1, including a diagrammatic representation 
of the circuitry for applying a high-frequency, low mag- 
nitude control signal to the electromagnetic generator 
to rapidly alten. ме the direction of magnetic flux flow 
from а permanent magnet in a core member to produce 
a relatively high magnitude alternating current in wind- 
ings on the core member: 
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FIGS. 4(u) and 4() are front and side views respec- 
tively of the electromagnetic generator diagrammati- 
cally representing the condition of the generator during 
a first half-cycle of the control signal to cause magnetic 
flux from the permanent magnet to flow in a first direc- 
tion through а core member; and А 

FIGS. 5(а) and 5(ዕ) arc front and side vicws similar 
to FIGS. 4(a) and 4(b) diagrammatically representing 
the condition of the clectromag.. ‘tic generator during а 
second half cycle of the control signal to cause mag- 
netic flux from a permanent magnet to flow in an oppo- 
site direction in the core member. 

Generally speaking, the electromagnetic generator of 
the present invention comprises a strong permanent 
magnet 10 having a north pole 12 and a south pole 14. 
Connecting the north and south poles of the permanent 
Magnet are two magnetic flux circuit means or paths 16 
and 18. The magnetic flux path 16 includes first and 
second switching means 20 and 22 for opening and 
closing the magnetic flux path 16 while the magnetic 
flux path 18 inncludes first and second switching means 
24 and 26 for functioning in a similar manner relative 
to the second magnetic flux path. Intersecting the flux 
paths 16 and 18 and connected thereto between the 
first and second switching means 20 and 22 and 24 and 
26, respectiveiy, is a core member 28 of highly permea- 
ble material carrying windings 30 and 32 of electrically 
conductive material for connecting to an external load 
circuit. 

Normally, magnetic flux from the north pole 12 of 
the permanent magnet 10 will divide and flow simulta- 
neously through the magnetic flux paths 16 and 18 to 
the south pole 14. In operation of the present inven- 
tion, however, electric circuit means 34 functions to 
alternately operate the switching means 20 and 26 and 
the switching means 22 and 24 to selectively open and 
close segments of the flux paths 16 and 18 such that the 
direction of magnetic flux from the permanent magnet 
10 is alternated in flowing in the core member 28 to 
generate an alternating current in the windings 30 and 
32 for application to an external load circuit. 

Preferably, the switching means are capable of oper- 
ating in response to a low magnitude, high frequency 
control signal to produce a high frequency alternation 
in the direction of flux flow in the core member to 
generate a relatively high magnitude alternating cur- 
rent: the magnitude of the alternating current being a 
function of the rate of change of the direction of flux 
flow in the core member. 

More particularly, іг the illustrated form of the pre- 
sent invention, the permanent magnet 10 is a bar mag- 
net while the two magnetic flux paths 16 and 18 com- 
prise a member of highly permeable material formed as 
a closed loop external to and between the north and 
south poles 12 and 14. While such a member is illus- 
trated in FIG. 1 as being a single piece member, it is 
appreciated that the member may be segmented as 
desired. 

In the present invention, various forms of switching 
means may be employed. Of course, for a very low 
frequency generator, segments of the highly permeable 


member comprising the flux paths 16 and 18 may form— —— - 


the switching means in combination with means for 
mechanically or manually moving the segments from 
the member to open the flux paths on a selective basis. 

Preterably, for high frequency operations, the switch- 
ing means each include means for cross-saturating a 
region of the highly permcable member substantially 
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normal to tne direction of flux flow from the magnet 
10. Such saturatio;; iminediately increases the reluc- 
tance of the flux path to effectively open the associated 
magnetic flux path in the region of the actuated switch- 
ing means. 

One form of such a Cross-saturating mechanism is 
illustrated in the drawing for each switching means and 
comprises a horseshoc-shaped core with ends on орро- 
site sides of the highly permeable member and carrying 
a low inductance coil. For the switcing means 20, 22, 
24 and 26 such horseshoc-shaped cores аге repre- 
sented by the numerals 36, 38, 40 and 42 and thcir 
associated low inductance coils by the numberals 44, 
46, 48 and 50, respectively. The structure and орега- 
tion of each such switching means is the same. For 
example, to operate the switching means 20, current is 
applied to the coil 44. This gencrates a magnctic flux in 
the core member 36 flowing perpendicular to the 
highly permeable member comprisng the flux path 16 
to saturatc the region between the ends of the core 
member 36 substantially normal to the direction of flux 
flow from thc magnet 10. This effectively opens thc 
flux circuit means 16 to block the flux flow from the 
magnet through the switching means 20. When current 
ceases flowing in the coil 44, the magnetic flux flowing 
in the core 36 terminates to again return the switching 
means 20 and the flux path 16 to an effective closed 
circuit condition. 

As previously indicated, the selective and alternating 
operation of the switching means 20, 22, 24 and 26 in 
accordance with the present invention causes the direc- 
tion of flux flow in the core member 28 to be rapidly 
alternated thereby inducing an alternating current in 
the windings 30 and 32. In this regard, and as illustrated 
most clearly in FIG. 2, the core member 28 preferabiy 
comprises a pair of generally U-shaped elements 52 
and 54 of highly permeable material carrying the wind- 
ings 30 and 32 respectively, and having corresponding 
ends 56, 58 and 60, 62 bearing on opposite sides of the 
member comprising the flux paths 16 and 18 between 
the switching means 20 and 22, and between the 
switching means 24 and 26. Because of the high perme- 
ability of the elements 52 and 54 and the location of 
their end faces against the member comprising the flux 
Paths 16 and 18, as the switching means are selectively 
and alternately operated, the core member 28 becomes 
a relatively low reluctance path for flux from the рег- 
manent magnet 10 between the north and south poles 
thereof. 

The circuit means 34 for controlling the switching 
means and hence the direction of magnetic flux flow in 
the core member 28 is diagrammatically represented in 
FIG. 3 and comprises a source 64 of a high frequency 
alternating current control signal having its output 
connected in common to four parallel circuits con- 
nected to the coils 44, 46, 48 and 50 of the switching 
means 20, 22, 24 and 26, respectively. Each parallel 
circuit includes a diode or other unidirectional current 
conductive device illustrated at 66, 68, 70 and 72 for 
the parallel circuits associated with the switching 
means 2 respectively. The diodes 66 
and 68 associated with the switching means 20 and 22 
are poled in opposite directions as are the diodes 70 
and 72 associated with the switching means 24 and 26. 
The diodes 66 and 72 and the diodes 68 and 70 being 
poled in like directions. 

Thus. during a first or positive going half cycle of the 
control signal from the source 64, current flows 
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4 
through diodes 66 and 72 and the coils 44 and 50 while 
current is blocked by the diodes 68 and 70 from the 
coils 46 and 48. The current flowing in the coils 44 and 
50 induces а magnetic flux in the associated Core mem- 
bers 36 and 42 to saturate regions of the highly permca- 
Ыс member comprising the flux paths 16 and 18 and 
effectively blocks flux flow from the magnet beyond 
the switching means 20 and %6—thcre being a high 
reluctance in the region of ዚስ Switching means and 
flux from the permanent magnet 10 following the path 
of lowest reluctance from the north pole 12 of the 
magnet through the flux path 18 and switching means 
24 to a junction with the core member 28. Such a con- 
dition for the electromagnetic generator of the prez^nt 
invention is diagrammatically depicted in FIGS. 4(a^ 
and 4(5), the cross at switching means 20 and 26 repre- 
senting that they are in an effectively open condition. 

As depicted in FIG. 4(5) at the junction of the path 
18 and corc member 28, the flux divides flowing up- 
wardly in the elements 52 and 54 and joining at the 
junction of the core member 28 and the flux path 16 to 
flow through the flux path 16, the Switching means 22, 
and to the south pole 14 of the magnet. Such flux flow 
in the core member 28 induces a current in a first direc- 
tion in the windings 30 and 32. 

During a second or negative going half cycle of the 
alternating control signal from the source 64, current 
only passes through the diodes 68 and 70 to flow 
through the coils 46 and 48. Such current flow pro- 
duces a cross saturation of the highly permeable mem- 
ber comprising the flux paths 16 and 18 in the regions 
of the switching means 22 and 24 to effectively open 
such portions of the flux paths. Under such conditions 
and as illustrated diagrammatically in FIGS. 5(a) and 
S(b), magnetic flux from the permanent magnet 10 
following the path of lowest reluctance flows upwardly 
in the flux path 16 through the switching means 20 to a 
junction of the core member 28. There, the magnetic 
flux divides and flows downwardly through the ele- 
ments 52 and 54 to join at a junction of the flux path 
18. Flux then continues to flow in the flux path 18 to 
the south pole 14 of the magnet 10. Such flux flow in 
the elements 50 and 52 of the core member 38 induces 
a current in the windings 30 and 32 flowing in an oppo- 
site direction to that induced during the positive-going 
half cycle of the control signal from the source 64. 
Thus, during alternate half cycles of the control signal, 
relative negative and positive going signals are induced 
in the windings 30 and 32 to Produce an alternating 
current for application to a load circuit connected to 
the windings. 

By use of core members of highly permeable material 
and low inductance coils in the switching means of the 
present invention, the necessary cross saturation to 
effect an opening of the flux paths 16 and 18 on an 
alternating and high frequency basis may be accom- 
plished using low magnitude control signals. Yet, by 
using a strong permanent magnet, the induced alternat- 
ing current generated by a alternating of the direction 
of magnetic flux in the core member 28 is of a relatively 
high magnitude. Further, the more rapid or the greater 
the frequency of the control signal, the higher the fre- 
quency of alternation of the direction of flux flow in the 
core member to produce an alternating current in the 
windings 30 and 32 of increased magnitude. 

In view of the foregoing, it is to be appreciated that 
the present invention provides a simple electromag- 
netic generator for converting magnetic to electrical 


5,006,401 


8 
energy by rapidly alternating the direction of magnetic 
Nua Now in a core .nember. This is accomplished in a 
manner such that as the frequency of the operation of 
the means for controlling flux flow direction increases 
the magnitude of the induced alternating current also 
increases. 

While a particular form of electromagnetic gencrator 
has been described in some detail hercin, changes and 
modifications may be made without parting from thc 
spirit of the invention. Accordingly, it is intended that 
the present invention be limited in scope only by thc 
terms of the following claims. 

І claim: 

1. An electromagnctic gencrator comprising: 

à permanent magnet having a north and a south pole; 

first and second magnetic flux circuit means each 
including a highly permeable member between said 
north and south poles external to said permanent 
magnet; 

first and second core members associated with each 
of said first and second magnetic flux circuit means 
and each including means for saturating a region of 
the highly permeable member of said associated 
flux circuit substantially normal to the direction of 
flux flow in said highly permeable member to selec- 
tively block flux flow from said magnet in said 
associated highly permeable member; 

a third core member composed of a highly permeable 
material connected at oppor: ends to said first 
and second magnetic flux circuit means between 
said first and second core members respectively; 

a winding of electrically conductive material on said 
third core member for connection to an external 
load circuit; and 

means for alternately operating said first core mem- 
ber and said second core member of said first and 
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second flux circuit means respectively, and said 
second core member and said first core member of 
said first and second flux circuit means respectively 
whereby the direction of magnetic flux in said third 
core member from said permanent magnet is rap- 
idly alternated to generate an alternating current in 
said winding for application to said load circuit. 

2. The electromag tic generator of claim 1 wherein 
each of said means ior saturating a region of said highly 
Permeable members include a horseshoe-shaped core 
with ends on opposite sides of said highly permeable 
member and carrying a low inductance coil. 

3. The electromagnetic generator of claim 2 wherein 
the means for saturating a region of said highly per;2^a- 
ble members includes: 

a source of high frequency alternating current; and 

circuit means for passing said high frequency alter- 

nating current through said coils associated with 
said first core member and second core member of 
said first and second flux circuit means Tespec- 
tively, and said second core member and first core 
member of said first and second flux circuit means 
respectively during alternate half-cycles of said 
current. 

4. The electromagnetic generator of claim 1 wherein: 

said third core member includes a pair of elements of 

highly permeable material having corresponding 
ends on opposite sides said highly permeable mem- 
bers comprising said first and second magnetic flux 
circuit means between said first and sccond core 
members thereof respectively; 

said winding is on a first onc of said Pair of elements; 

and 

said generator includes a second winding on a second 

one of said pair of elements in circuit with said first 


mentioned winding and said external load. 
. . . . LJ 
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ABSTRACT OF ТИЕ DISCLOSURE 


^ permanent magnet in combination with a transformer 
having first and second windings about a core, there being 
two paths for magnetic flux leadiag from each pole of 
the permanent magnet to either end of the core so that 
when an alternating current induces magnetic flux direc- 
tion changes in the core the magnetic flux from the per- 
manent magnet is automatically directed through the path 
which corresponds with the direction taken by the mag- 
netic flux through the core due to the current, whereby 
Ше magnetic flux in the core is intensified. 


——P -- 
Summary and objects of the invention 


The invention relates to a System for intensifying an 
electrical current. More particularly, it concerns a method 
and apparatus for the selective combining of the magnetic 
flux induced by an alternative electrical current in a high- 
Permeability material with that of a permanent magnet. 

It is fundamental that in a transformer the voltage 
ratio between the primary and the secondary windings is 
a function of the turns ratio, Thus, except for transformer 
losses, NI; М, in which Мі is the number of turns of 
the primary, N3 is the number of turns of the secondary 
and 1, and 1; are the effective currents in the primary and 
secondary, respectively. With efficient transformers, the 
voltage ratio is very nearly Ni/Ns. Losses which occur in 
a transformer are largely iron losses which appear as heat 
and require removal. For maximum power transfer, the 
magnetic hysteresis loop should be narrow. At thé same 
time, both the primary and secondary circuits should Oper- 
ate at their characteristic impedance. While ideally an 
alternating current generator would produce a sine wave 
Output with the voltage and current in exact phase, in 
practice this does not occur and the wave form of the out- 
put voltage and current is frequenily modified by har- 
monics and other factors. Where a circuit operates at its 
characteristic impedance and the voltage and current out- 
Put wave forms are satisfactory, the efficiency or power 
factor of the circuit approaches unity. Also, since it is not 
difficult to demonstrate that the economy of power trans- 
mission varies as the Square of the power factor, it is ex- 
tremely desirable to operate at a unity power factor. But 
because of the factors discussed above, the induction char- 
acteristics of most electrical loads, and the capacitive ef- 
fect of the transmission line itself, the current of the trans- 
mission line tends to vary from lagging to leading, or vice 
versa with the load although usually it tends to lag. For 
such reason, synchronous motors, static capacitors and 
the like are incorporated in the Circuit to increase the 
power factor. 

It is an object of this invention to provide apparatus 
ànd mcthod which increase the power factor of a circuit. 

А further object of the invention is the inclusion of a 
transformer in an alternating electrical circuit which im- 
proves the voltage ad curent wave furm of the circuit— 
Particularly at distant points of delivery. 

A still further object and advantage of the invention 
is the provision of means to intensify electrical current 
Output by the selective adding of the magnetic flux of à 
permanent magnet to that induced in a transformer to in- 
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tensify the electrical current delivered from the trans- 
former. 

A yet further advantage of the invention lies in the 
delivery of an electrical current from a transformer of 
àn intensity above that which would be otherwise ex- 
pected from a number of secondary windings involved, 

Another major advantage of the invention lies in the 
delivery of electrical power to rural and other areas where 


Other objects, adaptabilities, and capabilities will ap- 
Pear as the description progresses, reference being had to 


Description of the drawings 


FIGURE lisa diagrammatic illustration of apparatus 
in accordance with the invention wherein electrical cur- 
rent is not passing through the primary; 

FIGURE 2 is an illustration similar to FIGURE 1 
wherein current is flowing through the primary coil and 
inducing a magnetic flux in the core member of the ap- 
paratus; 

FIGURE 3 is an illustration similar to FIGURE 2 ex- 
сері that current in the primary is flowing in an Opposite 
direction and the disposition of the magnetic flux in the 
core member is reversed. 

FIGURE 4 shows a modified apparatus of the inven- 
tion wherein electrical current is not passing through the 
primary; 

FIGURE $ is similar to FIGURE 4 with the current 
passing through the primary coil in one direction; and 

FIGURE 6 is similar to FIGURE 4 but with the cur- 
rent passing through the primary coil in the Opposite di- 
rection. 

Description of the preferred embodiments 


In the figures, the reference character I represents a 
permanent magnet with its poles marked N and S for the 
north and south magnetic poles thercof, respectively. 
Leading from the north pole of the magnet I is an arma- 
ture Al which is composed of a magnetic material having 
a high Permeability so as to carry substantially all of the 
magnetic flux which emanates from said pole. A similar 
armature A2 leads from the south pole of the magnet I. 
The armatures Al and А2 join with pole shoes P1 and 
P2, respectively, of a transformer designated gencrally 
by reference numeral 10, The primary coils of the trans- 
former 10 are Tepresented by reference characters ВІ and 
B3 whereas the core and magnetic flux bridge member 
about which coils B1 and B3 are wound is designated RC. 
The secondary coil, also wound around the core member 
RC is designated B2. 

In FIGURE 1 with no current flowing through the coils 
BI, B2 and B3, the magnetic flux from the magnet 1 fol- 
lows the paths designated by arrows 11, 12, 13, 14, 15 
and 16. It will thus be noted that the flux Path 11 splits 
into two paths 12 and 13 which traverse the terminal or 
bridge portions X of соге member RC and are carried by 
paths 14 and 15 to be joined by path 16 to the south pole 
of magnet I thus completing the magnetic circuit. It will 
be appreciated that the magnetic flux contained in path. 
11 is split into approximately equal quantities carried 
through path 12-X-14 оп the upper part of core memter 
RC and path 13-X-15 cn ths ower Part οἵ wore mem- 
ber RC. Also, of course, the magnetic orientation of the 
armatures Al and A2, the pole shoes РІ and P2 and the 
bridge portions X is dominated by the disposition of the 
magnetic flux. 

When current is circulated through the primary coils 
ВІ and B3 in a direction so that 3 magnet; flux із in- 
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duced in core member RC to render the north pole at N1 


number of lines of magnetic flux in the 13-X-RC-X-14 
Path emanating from magnet I, as shown in FIGURE 2, 
will be equal to the number of lines in FIGURE 1 con- 
tained in both the Paths 12-X-14 and 13-X-15. This 
effect takes place Practically instantaneously, depending 
Primarily upon the hysteresis qualities of the pole shoes 
and core member and the characteristics of the current 
applicd through the primary coils B1 and B3. The inter- 
action of the magnetic flux from the permanent magnet 
I through core member with the current in the primary 
ВІ and B3 is in accordance with well-known physical 
laws, and it will be appreciated that the flux generated 
by such current combines with that of the permanent mag- 


When the current in the primary coils ВІ and B3 5: 


reversed, the magnetic orientation of the core member 
RC and also the Pole shoes РІ and P2 is changed so that 
the path of magnetic flux between paths 11 and 16 as- 
sumes the path 12-X-RC-X-15 as shown in FIGURE 3, 
with substantially the entire flux from magnet I follow. 


It is to be understood that the material making up the 
armatures A1 and A2, the Pole shoes PI and P2 and the 
core member RC should not oniy have a narrow hysteresis 
loop, but also should be so dimensioned that the maxi- 
mum permeability exceeds that which they may be sub- 
jected to by reason of the magnetic flux from permanent 
magnet I and that induced by the Primary windings 81 
and B3. 

FIGURES 4, 5, and 6 discloses 8 further method of 
carrying out the invention which is advantagcous inas- 
much as the self-induction of the system is substantially 
decreased. 

Referring now to these FIGURES, it is to be noted 
that the reference character I is. as Previously, a perma- 
nent magnet with its poles marked М and S for the north 
and south poles, respectively. Also, the armatures A'I 
and A'2 are essentially the same as armatures Al and А2 
shown in FIGURES 1-2. 

The magnet 1 is saturated with its own flux and the 
armatures A'I and A'2 are composed of magnetic mate- 
tial having a high Permeability so as to carry substantial- 
ly all of the magnetic flux which emanates from the poles 
Of the magnet I. The armatures А71 and A'2 join with 
Pole shoes Р'1 and P'2, respectively, also compcsed of 
highly permeable material which function as branches for 
the conduction of magnetic flux from such armatures. 

A core member RC whichrmay be Structurally the same 
as the core member having the came reference character 
in FIGURES 1-3, is disposed adjacent the terminal ends 
Of the pole shoes P'L and P'2. The core member RC is 
wound with a primary winding B22 which is adapted for 


of the pole shoes P'1 and P'2 ከ35 3 secondary winding, 
B18 and 820 for pole shoe P'I and 819 and В21 for pole 


e 


These secondary windings may be connected in series 
Or parallel, or may lead to different Circuits, as desired. 


of the pole shoe P'1 wherein it is split into a Pair of 50 
kiloline segments. The path of the flux Passes through 
terminal ends of the core member RC which are desig- 


ondary coils В18, В19, В20 and B21 are each cut by a 
flux of 50 kilolines. But inasmuch as the flux is not chang- 
ing at this moment, no current is induced in the secondary 


since the magnet I is saturated, only 100 kilolines are 
conducted through the armatures ላ and A72. The addi- 
tional 100 kilolines of flux split into the branches of the 
pole shoes P'1 and P'2 as shown by the arrows on the 
dot-dash lines so that 50 kilolines are distributed in euch 
of the pole shoes P'1 and P'2. Accordingly, it will be 
understood that aside from the change in flux which 


increase occurs in direct response to the electrical cur- 
rent flow in the primary B22 and flux thereby created 


B21. When the current is reversed in the primary B22. 


return to that shown in FIGURE 4. The System goes 
through the same type of transformation except that the 
paths of magnetic tlux are inhibited at locations НІ and 
F1 because of the reversal of the north Pole of core 
member RC to N2 and the south pole to S2. Thus an 
increase in kilolines takes place through coils ВІ8 and 
В21, first, due to the transformation of the path of mag- 
netic flux from the magnet I and, 
duction of Magnetic lines of force by the primary B22 in 
the opposite direction. Accordingly, the current induced 
in the coils B18, 819, B20 and B21 is opposed and equal 
to that previously induced as shown with reference to 
FIGURE 4, 

The maximum Permeability of pole shoes P'1 and P’2 
Should be sufficient to carry the maximum flux which 
тау be induced therein without saturation. So that the 
assembly will not work as ап annular magnet, there 
Should be a small air Bap between the core member and 
shoe poles. Instead of armatures together with a perms 
nent magnet, a curved or horseshoe-shaped magnet may 
be employed which has poles engaging the pole shoes. 

The foregoing detailed description has been given for 
clearness of understanding only, and no unnecessary limi- 
tations should be understood therefrom for further modi- 
fications will be obvious to those skilled in the art, 

Having described Vy investion, what 1 claim as new 
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and desire to cover by Letters Patent of the United 
States is: 


Cuit means leading from 
said core so as to be adjacent said core on each side of 
said windings whereby when an electrical current moves 
through said winding the 
nent magnet is conducted 
one of said paths to said 
of said further paths to said south pole, the direction of 
the flux through said core 
by said electrical current 
netic flux induced by said 
said ргіптагу winding. 

2. An electrical output source which comprises a per- 
manent magnet, a 
current source connected to primary windings of said 
transformer, said windings disposed about à core in said 
transformer, 3 first 
pole to the south pole of said magnetic arranged to pass 
in a first direction through the core of said transformer, 
а second magnetic flux path from the north to the south 
pole of said magnet arranged 10 pass in a second direc- 
lion opposite to said first direction through the core of 
magnetic flux in 
said first magnetic 
path responsive to 
flux induced in said 
core by current passing through said primary windings, 
and a secondary winding about said core for delivering 
electrical current produced by the alternating magnetic 
flux in said core, said secondary windings being disposed 
relative to said paths and said core whereby the magnetic 
fluxes from said magnet via said paths pass through said 


10 


30 


35 


40 


said windings, the induction of magnetic flux longitu- 
dinally in said core by energizing said primary winding 
flux transversely through said 
core and conducting said flux from Said permanent mag- 
net means longitudinally through said core in the direc- 
partly through the first of said 
the second of said paths. 
which comprises a flux satu- 
a first magnetic flux conductor 


around said core member adapted to be connected to an 
alternating current source and induce an alternating mag- 
netic flux in said core 


nent magnet passing through said core member in one 
direction via said first 
said second branch of 


5. Apparatus in accordance with claim 4 wherein sec- 
ondary windings are provided around each of said 
branches, 

6. Apparatus in accordance with claim 5 wherein the 
maximum number of magnetic lines induced in said core 
member by current passing through said primary wind- 
ings is approximately equal to the magnetic lines con- 
ducted from said magnet through said magnetic flux 
conductors. 
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[57] ABSTRACT 


Apparatus for and methods of converting radio fre- 
quency energy into direct current for generating elec- 
tric power includes a dipolar antenna for receiving 
radio frequency energy and a circuit connected thereto 
for converting the radio frequency energy to direct 
current. The circuit has a positive output line connected 
to one pole of the antenna and a negative output line 
connected to the other pole of the antenna. A positive 
transmitting diode is in the positive output line and a 
negative transmitting diode is in the negative output 
line. First and second bus lines and a pair of tuned cir- 
cuits of opposite polarity couple the positive output line 
and negative line to the bus line with one of the bus lines 
being connected to ground. Each tuned circuit includes 
a first bridging line connecting the positive output line 
to the first and second ground lines and a second bridg- 
ing line connecting the negative output line to the first 
and second ground lines. Each bridging line has a diode 
therein oriented at a polarity which is reverse with 
respect to the input diode. The bridging lines of each 
tuned circuit are connected to one another by an induc- 
tance and have capacitors disposed between the diode 
and the bus lines. A direct current device is connected 
to the positive line of the circuit. 


11 Claims, 1 Drawing Figure 
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APPARATUS FOR CONVERTING RADIO 
FREQUENCY ENERGY TO DIRECT CURRENT 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 
The instant invention relates to methods of an appara- 
tus for converting radio frequency energy to direct 


5 


current; more particularly, the instant invention relates ` 


to methods and apparatus for converting. radio fre- 
Quency energy to direct current wherein the direct 
current is of sufficient magnitude to power devices such 
as battery charges and electric motors without the use 
of amplification. 

2. Technical Considerations in Prior Art 

There has long been interest in technology directed 
to transmitting electrical energy over a distance with- 
out utilizing conductors, such as wire conductors. De- 
velopment of such a technology has enormous poten- 
tial. This was first recognized by Nikola Tesla who in 
1899 constructed a 200 foot Tesla coil rated at 300 kilo- 
watts and 150 kilocycles. Tesla hoped to set up standing 
waves of electrical energy around the whole surface of 
the earth, so that receiving antennas set at optimum 
points could tap the power when needed. Tesla was 
able to light hundreds of lamps at a distance of about 40 
kilometers with his device without utilizing electrical 
conductors. The scheme has generally remained a scien- 
tific curiosity but has provided the initial groundwork 
for current developments wherein attempts are being 
made to transmit power by microwaves. However, 
power transmitted by microwaves is envisioned in the 
form of a beam of very high intensity which is focused 
from а microwave generator to a receiving antenna. 
This technology is envisioned as being used for many 
types of purposes such as transmitting microwave en- 
ergy collected from gigantic solar power satellites and 
"star wars"-type weapons systems. However, the fo- 
cused microwave beam is not suitable for many applica- 
tions in that the beam must be directed toward a receiv- 
ing antenna and cannot be transmitted through most 
objects, including living objects, without destroying the 
objects. 

The instant invention relies on converting energy 
from standing waves which are emitted from radio 
frequency antennas in the RF range rather than the 
microwave range. Of particular interest are very low 
frequencies which are not used іп communicaticns and 
are available for transmitting power. Also of interest 
with respect to the instant invention are the low fre- 
quency waves emitted by the earth due to pulsation 
thereof caused by its magnetic field. These low fre- 
quency standing "earth" waves can be picked up by 
receivers tuned thereto. 


SUMMARY OF THE INVENTION 


It is an object of the invention to provide new and 
improved methods of an apparatus for converting radio 
frequency currents to direct current for practical uses 
other than communications, wherein the direct current 

energy converted from the radio frequency input en- 
° ergy does not require amplification. 

Upon further study of the specification and appended 
claims, further objects and advantages of this invention 
will become apparent to those skilled in the art. 

The instant invention conterrplates an RF antenna 
for receiving radio waves. The RF antenna connected 
to a circuit configured in accordance with the principles 
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of the instant invention to convert the Ri? signals to 
direct current. The radio frequency signals received by 
the antenna are transmitted to first and second leads, 
with one lead being rectified to transmit positive volt- 
age and the other lead being rectified to transmit nega- 
tive voltage. The positive voltage lead being connected 
directly to a positive output line and the negative volt- 
age lead being connected directly to a negative output 
line. The positive output line is connected to a pair of 
bus lines through a first pair of capacitors, while the 
negative output line is connected to the pair of bus lines 
by a second pair of capacitors. Disposed between the 
first bus line and the positive output line is a reverse 
diode of negative polarity, while disposed between the 
negative output line and first bus line is a reverse diode 
of positive polarity. The positive and negative output 
lines are connected to one another through an induc- 
tance which is in parallel with the capacitors of the first 
and second pair connected between the second bus line 
and the positive and negative output lines. 

In accordance with one embodiment of the invention 
the afore-described circuit is duplicated for each posi- 
tive and negative output line. In accordance with an- 
other embodiment of the invention, the afore-described 
circuitry is coupled to additional circuits identically 
configured in order to increase the direct current output 
of the arrangement. 

In accordance with a further configuration of the 
invention, the antenna utilized is a dipolar antenna of 
aluminum wire arranged in a "butterfly" configuration. 

The instant invention further contemplates the 
method of utilizing the afore-described elements so as to 


generate direct current having sufficient power to per- 
form tasks such as charging batteries, lighting lamps and 
powerin direct current electric motors without the use 


BRIEF DESCRIPTION OF THE DRAWING 


Various other objects, features and attendant advan- 
tages of the present invention will be more fully appre- 
ciated as the same becomes better understood when 
considered in connection with the accompanying draw- 
ing. in which like reference characters designate the 
same or similar parts throughout the several views, and 
wherein: 

There is shown a diagram of a circuit in accordance 
with the instant invention in combination with a driven 
device and a dipolar antenna which receives radio fre- 
quency waves which are converted to DC current for 
powering the driven device. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENT 


Referring now to the drawing, there is shown a dipo- 
lar antenna, designated generally by the numeral 10, 
which receives radio frequency waves from an RF 
transmitter 11. The radio frequency waves are transmit- 
ted to a radio frequency 10 direct current converting 
circuit, designated generally by the numeral 12, through 
а coaxial cable 13 and DC current from the circuit 12 is 
used to power an output device, designated generally 
by the numeral 15, which may for example by a battery 
charger DC motor or lighting device. The circuit 12 has 
no other power inputs other than the radio frequency 
energy transmitted thereto by the antenna 10 and there- 
fore includes no amplifiers for amplifying the RF en- 
ergy. 


4,685,047 


Тһе source of radio frequencies convertible to direct 
current by the circuit shown may include sources of 
high frequency, low frequency (LF), very low fre- 
quency (VLF) and extremely low frequency (ELF) 
radio waves as well as seismic vibration of the earth's 5 
magnetic fields. 

Preferably, the dipolar antenna 10 is formed of two 
triangular loops of aluminum wire 16 and 17, one of 
which is connected to the annular conductor 18 of the 
coaxial cable 13 and the other of which is connected to 10 
the center conductor 19 of the coaxial cable. The size of 
the bipolar antenna 10 is dependent on the particular ` 
application to which it is put. In accordance with one 
embodiment of the invention, the antenna 10 is approxi- 
mately 12 inches in width and 18 inches in length. Such 15 
an antenna is used to receive five watt energy, such as 
that generated by a walkie-talkie or citizen-band radio. 

The annular conductor 18 of the coaxia! cable 13 is 
connected to a positive lead 21 of the circuit 12, while 
the center conductor 19 of the coaxial cable is con- 20 
nected to a negative lead 22 of the circuit. A positive 
transmitting diode D1 is disposed between the lead 21 
and the remainder of the circuit 12 while a negative 
transmitting diode D2 is disposed between the lead 21 
to a positive output line 25 while the negative diode D2 25 
is connected to a negative output line 26. Accordingly, 
the positive voltages with respect to und are pro- 
duced on output line 25 and negative voltages with 
respect to ground are produced on output Tine 26. 

order to provide a DC output of sufficient power, 30 
a plurality of inductance-capacitance, RF, tuned cir- 


cuits 30, each forming a positive cell, or a negative cell, 
are utili for connecting the positive output line 25 
and negative output line 26 to first and second bus lines 

31 and 32, respectively. Bus line 32 is connected to 35 
ground while bus line 32 can be connected to circuits 
similar to circuit 12. The positive output line 25 is con- 
nected by a first bridging line 33 to the first and second 
bus lines 31 and 32 while the negative output line 26 is 
connected by a second bridging line 34 to the first and 40 
second bus lines. The bridging line 33 has capacitors СІ ` 
and C2 disposed between the positive output line 25 and 
the first and second bus lines 31 and 32, while the bridg- 
ing line 34 also has capacitors C1 and C2 dispensed 
between the negative output line 26 and the first and 45 
second bus lines 31 and 32. Connected between the 
bridging lines 33 and 34, is an inductor 35 which serves 

as an RF choke, while disposed between the positive 
output line 25 and the capacitor СІ there is a negative 
polarity diode D4 referred to herein as a bridging diode 50 
and disposed between the negative output line 26 and 
capacitor C1 in line 34 there is a positive polarity diode 
፲23 referred to herein as a bringing diode. As is seen of 
the drawing, the RF tuned circuit cell 30 is repeated a 
plurality of times. In the specific example shown, the 55 
circuit 12 has separate cells 30, 37, 38 and 39. The cells 

30 and 38 are of opposite polarity and balance one an- 
other while the cells 37 and 39 of opposite polarity апі 
8155 balance one another. In order for the system to 
Tunction, a pair of ite polarized cells must be uti- 60 
Tized. The Particular number of cells 30 and the value of 
the components thereof are determined by the configu- 
ration of the dipolar antenna 10 and the power and 
frequency of the RF transmitter 11. 

The radio frequency to direct current conversion 65 
circuit 12 may itself be connected to a duplicate circuit 
via pins 41 so as to provide acditional direct current 
output on lines similar to positive output line 25 and 


Negative output line 26 the output lines may be con- 
nected together in order to boost the total output of the 
system. 

An operative embodiment of the invention utilizes 
the following elements: 

Diodes D1, D2, D3 and D4—Germanium Diodes, Ar- 

cher 1 N34A,Catalog #1123. 

Inductor 35-47 Milli henry R. F. Choke 

Capacitors СІ and С2-0.47 Pico Farads at 200 volts 

Coaxial Cable 13—50 ohms 

Dipolar Antenna 10—aluminum wire triangular loops 
approximately 12 inches by 18 inches. 

From the foregoing description, one skilled in the art 
can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and 
scope thereof, can make various changes and modifica- 
tions of the invention to adapt it to various usages and 
conditions. 

What is claimed is: 

1. Apparatus for converting radio frequency energy 
into direct current for generating electric power, the 
apparatus comprising: 

а dipolar input for receiving radio frequency energy; 

а positive output line connected to one pole of the 
dipolar input and a negative output line connected 
to the other pole of the dipolar input; 

а positive transmitting input diode means in the posi- 
tive output line and a negative transmitting input 
diode means in the negative output line; 

first and second bus lines and a pair of tuned circuits 
of opposite polarity coupling the positive output 
line and negative output line to the bus lines, one of 
the bus lines being connected to ground; 

each tuned circuit including a first bridging line con- 
necting the positive output line to the first and 

‚ second bus lines and a second bridging line con- 
necting the negative output line to the first and 
second bus lines, each bridging line having a bridg- 
ing diode means therein oriented at a polarity 
which is reverse with respect to the transmitting 
input diode means of the respective output line; the 
bridging lines of each tuned circuit being con- 
nected to one another by an inductance and having 
capacitors disposed between the bridging diode 
means thereon and the bus lines, and 
direct current device connected to the bridging 
lines of the tuned circuit. 

2. The apparatus of claim 1, wherein there are a plu- 
rality of similarly configured tuned circuits connected 
between the output lines and the bus lines. 

3. The apparatus of claim 2, wherein there are a plu- 
rality of radio frequency-to-direct current conversion 
circuits connected to one another to provide a direct 
current power array tuned to a specific radio frequency 
such as a high frequency source, low frequency source, 
very low frequency source, extremely low frequency 
source, or source created by seismic vibrations of the 
earth's magnetic field. 

4. The apparatus of claim 3 wherein the dipolar input 
is a dipolar antenna. 

5. The apparatus of claim 1, wherein the device con- 
nected to the output lines is a direct current motor. 

6. The apparatus of claim 1, wherein the device con- 
nected to the output line is an illuminating device. 

7. The apparatus of claim 1, wherein the device con- 
nected to the output lines is a battery charger. 

8. The apparatus of claim 1, wherein the device con- 
nected to the output lines is a DC-to-AC inverter. 
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10. The apparatus of claim 1 wherein the dipolar 
input is a dipolar antenna. 
rality of radio frequency to direct current converter 11. The apparatus of claim 10, wherein the dipolar 

antenna utilizes aluminum wire arranged in pair of tri- 
5 angular loops. 
circuits tuned to a particular radio frequency. = сево 


9. The apparatus of claim 1, wherein there are а plu- 


circuits connected to one another to fórm an array of 
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A-direct-current, high voltage-generator ie disclosed i 
Which electric power is produced by repeated capaci- 
tance changes. In various embodiments of the basic 
electric circuitry, the required capacitance change is 
effected by various methods, including, especially in the 
principa! embodiment, the method of capacitance 
change by radiation-variable capacitors the dielectric 
material of which is uniquely a non-photoconducting 
material. This generator is distinctive in two basic ways, 
namely in that it із а complete d.c. generator without an 
iron core transformer not merely a voltage augmentor 
and secondly in that the light-variable dielectric mate- 
rial is different from that of prior art generators. 


8 Claims, 11 Drawing Figures 
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DIRECT CURRENT VARIABLE CAPACITANCE 
ELECTRIC GENERATOR 


This irvention relates to generators of electric power 5 
and methods of producing electricity from energy act- 
ing against an electric field. It is one of the types of 
^ electric generators which cause a current 16 Tiow by ^^ 
moving а chare: tu and from the plates of a charged 
electric condenser when `: capacitance of the con- 10 
denser is caused to alternwely increase end then de- 
crease. A similar mechanism is to be found in my co- 
pending patent applications Ser. No. 669,384, now U.S. 
Pat. No. 4,074,129, and Ser. No. 663,927, now U.S. Pat. 
No. 4,087,735, as well as in my former U.S. Pat. No. 15 
3,971,938. It differs from prior generators in that a 
transformer is not an integral nor necessary part of its 
electrodynamic action. It is uniquely able to function at 
very slow rates of capacitance change. Other similar 
generators using transformers cannot operate with very 20 
slow alternations in current direction change without 
requiring very large iron core transformers. My present 
invention therefore is a practical and less expensive 
apparatus and method of producing electrical energy 
from relatively slow capacitance changes. For instance, 25 
in a particular embodiment it is found that some par- 
ticularly efficient radiation-variable capacitors undergo 
‘Very Tarz сарастаксе changes when excited by Nght 
or other raciation, but that the capacitance Change was 
necessarily slow and unable To be employed in gener- 30 
ators of the prior art, using transformers with magnetic 
cores, whereas these slow changing capacitors can be 
employed very еПеспуету in The present invention. 
€ same radiation-variable capacitors could be em- 
ployed in other generators or they can be employed in 35 
apparatus used merely to increase the voltage on a 
current flowing from another source, that is to say, 
they could be employed in a voltage augmentor such as 
the type described in the encyclopedia Britannica. But 
it is the object of this present invention iv provide à true. 40 
electric generator which goes beyond merely increasing 
voltage on a current flow that is provided by an outside 
source. On the contrary, this present invention does not 
merely augment or increase voltage on a current al- 
Ὑεπᾶν present, БШ it generates its own current flow and 4s 
it is an integr - Another principal 
object of the present inventive concept is to provide a 
very specific type of radiation-variable capacitor to be 
used in this as well as in other radiation-variable capaci- 
tance generators. The type herein described undergoes 50 
a repeated change even when a direct current charge is 
placed across its plates. The unique character of the 
dielectric of this invention is that it is not of the type 
founded on photoconductive phenomena within the 
condenser's dielectric. The light-variable dielectric of 55 
the variable capacitors of this present invention does 
not employ photoconductive materials. It does not sur- 
round photoconductive grains with insulating material 
to form a dielectric material. Consequently, the capaci- 
tance changes of this present novcl diclectric are not 60 
achieved by effectively shortening the separation dis- 
tances between the plates of a condenser by providing a 
periodic conductivity in the small parts of the area be- 
tween the condensers' plates occupied by photoconduc- 
tive grains. That is to say that in former systems the 65 
action of light was to produce many small isolated con- 
ductors between the condenser's plates. Light, so to 


speak, made conductors out of the photoconductor 
giem» and this 
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between the condenser's plates increasing the capaci- 
tance by effectively bringing the condenser’; plates 
Gloser together shortening their separation distance. In 
the present invention the necessary increasing of capaci- 
tance is not achieved by the formation of conductive 
areas between [ከሮ cor.denser's plates. Insulated photo- 
conductive grains or particles are nòt used. On the 
"Contrary, if is One of (he Very objecis-and-onc-of ihe 
ітрогіспі zchievements of this present invention 10 


exclude or to greatly minimize all kinds of electric con- 
uctivity between atoms, ions and molecules within the 


WieTectric of its condenser. 

The positive means taken to eliminate or drastically 
የፍህህ:ሮ photoconductivity and other types of conduc- 
tivity distinguishes this present invention from former 
photoconductive light-variable capacitors and it distin- 
guishes it from former light-variable capacitors not 
based upon photoconductivity, but which were im- 
peded by photoconductivity and impeded by other 
forms of conductivity. 


Former light-variable dielectrics were of various 
kinds. They either employed insulated photoconductors 
such as in U.S. Pat. No. 3,426,209 by Sihvonen, et al., 
increasing conduction in a limited area to effectively 
bring a condenser's plates closer together or, on the 
other hand, they employed materials with variable po- 
larizability characteristics (as in U.S. Pat. No. 3,971,938 
by O'Hare). Therein, phosphors effectively shorten the 
distance between the plates with a d.c. charge, but also 
effectively increase that distance in alternate periods in 
order that electricity might be generated. However, the 
former art light-variable dielectrics Operating by the 
mechanism of variable polarizability have been found to 
be largely unsatisfactory for purposes of electric power 
generation and this is due precisely to undesired photo- 
conductivity of the phosphors employed іп the prior 
art. This is because of the fact that when an electric 
conductor is placed in an electrostatic field the inside of 
the conductor does not experience the effect of the 
field. There is no field inside of a conductor. Therefore, 
conduction photoinduced or otherwise, precludes or at 
east greatly reduces field interaction wit larizable 
ions, atoms, or molecules, This is because every polariz- 
ability change due to radiation absorption is to be found 
within a conductor as photoconductivity makes con- 
ductors of the radiation sensitive grains. Once the polar- 
izability Change is within a conductor it cannot contrib- 
ute to the dielectric constant nor to the dielectric con- 
stant change of the condenser's dielectric. 


Both types of the prior art light-variable capacitors 
аге very effective in an a.c. circuit, i.e., when a.c. cur- 
rent is provided for them by some external Source and 
when the a.c. conduction change across the condenser 
is measured by an a.c. current meter in series with the 
source and the capacitor. In such a circuit the changes 
in capacitance of the capacitor with radiation and with- 
out radiation can be seen clearly from the changes in the 
current value conducted in the circuit. Any photocon- 
ductivity within the insulating dielectric helps make the 
diciectric constant of the dielectric photovariable pro- 
viding 3 kind of radiation variable capacitor. But these 
former art light-variable Capacitors are not able to effec- 
tively undergo repeated capacitance changes when 
used in a circuit with direct current charge placed upon 
them. since conductivities within dielectric merely pro- 
are many places where negative Charges сап move 


Closer te the positive plate and postive oh ees сап 
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рагы 
поп across those conducting areas than by any dynam- 
ics of polarizability happening with the conducting 
areas. For instance, if granules of metal were embedded 
m an insulator and used as a dielectric of a d.c. charged 
σοποςτ 2 separate across each granule 


conde: 
the condenser's value would 10 


^ 


in a very short time and 
not be affected by subsequent changes in conductivity 
of the granules. There is no way in which the dielectric 
constant could decrease in this d.c. charge situation 
unless there were something within the metal granules 
that can cause combining of the charges separated 15 
across the metal by the electric field between the plates. 
There is no provision here for effecting a charge recom- 
bination once charges have been separated in a charged 
condenser. It is not the object of this present invention 
to provide a mechanism for such a recombination. It is 20 
not the object of this present invention to cause the 
voltage on the plates of a d.c. charged capacitor to 
elevate by decreasing its capacitance by recombining 


opposite charges within its dielectric. But it is the object 
of this present inventi ove nearly all conduc- 25 


tivity of whatever kind in order that radiation variable 
polarizability changes may alone influence dielectric 
Constant changes. This is Tor the purpose of providing a 
condenser whose dielectric constant can repreatedly 
change more effectively when a d.c. charge is placed 30 
across its plates. The provision of such a condenser 


enables a d.c. charged light-variable condenser to have 
its voltage both rise and fal repreatedly with alterna- 


tions of dark and light periods. Accordingly, a very 


specific object of this present invention is to designate 35 
light and radiation-variable material that is variable 
only with respec! to polarizability and that is entirely 
(or nearly so) nonconductive. The active mate, ıal then 
is not only embedded in sulating medium but it is of 
itself of a highly insulating nature. The materials of this 40 
presen і insulating 
phosphors, i.e., they are a particular class of phospho- 
rescent material as well as a particular class of photo 
sensitive ferroelectric material which is nonconductive. 
The phosphors employed here аге phosphors wh 45 
emission is based on metastable states within an ion or 


en specific 


lv are Ἠίπη]., : 
iy are рту: 


atom or molecule rather than phosphors whose emis- 


Sion is based upon charge separation mechanisms, pho- 
toconductivity or trapping centers. 


For purposes of clarity the most simple form of the 50 
electric mechanism is described first, subsequently the 
full generating mechanism is described and finally there 
follows the description of the more effective light-varia- 
ble dielectrics and capacitors. 

Concerning the simple form of the electric mecha- ss 
nism, when a charge is placed on a variable condenser 
and the condenser is isolated from the source of its 
charge, one side, i.e., one terminal of the condenser may 
be grounded without discharging the condenser. If the 
plates of the condenser are separated a little, the voltage 60 
will increase during this separation because the charge 
is constant (since the condenser is essentially isolated) 
Then when the charge is constant, and the capacitance 
is decreased. the voltage must increase becaus 
product of voltage and capacitance must continue to be 65 
equa ne unchanged charge. If the action to pull the 
plates apart continues. there is a point at which there 
will be very little binding of charges, and negative 


. 
+ 


charges on one side of the Condenser wall no ha 
"bind" or hold the opposite positive 
opposite plates and visa versa 


ager 


charges on the 


The charge on the 


Brounded plates will then be free to move to the 
ground. Then, the nongrounded side of the condenser 
will be left with a high voltage isolated charge. H s 


Isolated in the sense that it has nowhere to go. If subse- 
quently the grounded plate is repositioned closer to the 
charged plate, 5 Н 
to that оп (Һе isolated plate. This action of separating 
these respective plates can be repeated. In this case a 
current would alternate back and forth to the ground 
from the grounded plate as a charge moved to and from 
this plate. When a rectifier is placed in series with this 
same grounded plate so that the charge can Mow trom 
Wie ground io the соп! корс ы Uere το ης 
ground, then pulling the condenser plates apart wi 
use a voltage increase on opposite plates. When a 
second rectifier and a resistor are connected to the 
grounded plate of the condenser and grounded then, 
when that charged condenser's plates are again sepa- 
rated, the voltage elevation (as the charges no longer 
bind each other) will not cause a current flow through 
the first rectifier to the ground, but, due to the polarity 
positioning of the second rectifier, the charge will flow 
through the second rectifier and the series resistor to the 
ground. When the positioning of the plates is again 
closer, the charge on the isolated plate will bring a 
charge up from the ground through the first rectifier to 
the grounded plate. Again opening tlie plates will cause 
a return of the charge to the ground through the second 


шаша a Charge Sf sign opponi 


rectifier. An electric pumping action resulting in a sin- 
gle direction flow to and from the ground takes lace 
brought from it in one place, and returned to it in an- 
other place. 

Now. however, in a principal embodiment of this 
present invention, instead of using the ground as a 
source of charge, another condenser is used@as a source 
from which the charge is moved. Instead of returnin 
the charge to the ground, the mobile charge is moved 
condenser. [n short, the same type of pum ing action, 
described above, makes use of a variable condenser ro 
remove a charge Of one sign irom one uncharged con- ged con- 
denser, and to place this charge on a third condenser 
from an uncharged, fixed capacitor may place these 
electrons on a third, formerly uncharged capacitor. А 
single rectifier on what was called the “isolated” plate 
of the variable condenser adequately maintains the iso- 
lation of its charge, whil ng condensers to take 
the place of grounds as reservoirs from which and to 
which a charge may be moved by a variable Capac τοι 
Using ndensers as reservoirs nas the adv antage over 
using the ground as a source of electrons or other 
charges in that the condensers become sources of en- 
ergy for n сігіс! work when a charge sc 
tion is produced д their plates. Since radiant en- 
ergy сап be made to change capacitance repeatedly 
through the use of 3 radiation-variable Capacitor. it van 
hereby cause a charge separation which results in 
charging capacitors according to the mechanism of this 
Present generator. Electrical energy may be removed 
from the fixed capacitors in the form of usable electric 


power at the same time that the condensers continue to 
be charge 
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Further с1агиїсапоп of the electric mechanism as 
Well as clarification of the Way in which di lectric con- 
Mant change is improved is given by reference to the 
drawings 

FIG. 1 of the drawings shows a d.c. variable сарасі- 
lance generator without a transformer and in a simple 
ferm. 

FIG. la is a diagram of a charge flow as capacitance 
Әгстсазс and wGhage inc ዘ... ጋ 

FIG. 16 is a diagram of charge flow as capacitance 
increases 

FIG. Ic shows total current flow as the variable ca- 
pacitor repeatedly changes. 

FIG. 2 is a pertial and incomplete generator requiring 
an external source of current. 

FIG. 3 shows a schematic of an integral variable 
capacitance generator for producing a direct current 
and without a transformer. 

FIG. 4 depicts a variable capacitance generator cir- 
cuit employing a radiation-variable Capacitor as the 
variable capacitance source. 

FIG. 5 shows a radiation-variable capacitance gener- 
ator employing multiple radiation-variable capacitors. 

FIG. 6 shows a diagramatic view of a charged capac- 
itor in which the conductivity of a phosphor grain ena- 
bles a charge separation across the grain and reduces 
the effect of the electrostatic field within the grain. 

FIG. 7 of the drawings shows a nonconducting grain 
in which the electron polarization of the ions, atoms and 
molecules within the grain can greatly affect the dielec- 
tric constant of the grain. 

FIG. 8 of the drawings is a pictorial representation of 
electron polarizability increasing with a consequent 
dielectric increase. 

Referring then to FIG. 1, rectifier 1 allows electrons 
to move from the ground to Capacitor 3 only, while 
rectifier 2 allows electrons to low from capacitor 3 to 
ground only through resistor 4. Resistor 4 represents 
any electric work load. 

Referring then to FIG. 1а as сарасиог 3 opens and 
reduces its capacitance. electrons are no longer tightly 
bound to plus charges, but repel each other, moving 
charge to ground through resistor 4. 

In the following FIG. 16 as capacitor 3 increases in 
capacitance, electrons are attached to condenser plates 
Opposite isolated positive charge. Incoming to 3, they 
move through 1. 

Then in FIG. Ic the total current flow can be seen 
moving in one direction from ground to ground 
through 1, 2, and 4 us a result of repeated capacitance 
changes in 3. 

Referring now to FIG. 2 current from source 7 fills 
and charges capacitor 8 through rectifier 9, and when 
Capacitance of 8 decreases voltage rising on 8 is pre- 
vented from returning charge to source 7 by rectifier 9, 
but rectifier 10 ullows current with elevated voltage to 
continue to work load 6 with increased voltage. The 
mechanism of FIG. 2, thereby differing from that of 
FIG. 1 in that the mechanism of FIG. 1 requires merely 
an isolated charge, while *hat of FIG. 2 requires а con- 
stant source of current 

Referring then to FIG. 3 апа the generator using 
Capacitors as reservoirs in place of ground reservoirs. A 
charge placed on variable Capacitor 11 also charges 
cundenser 13 moving through rectifier 12 and this same 
charge source charges 14 through 12 and through load 
resistance 16. The dotted line connections from power 
source 18 are intended to show that 18 is used only 
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6 
Occasionally for gh ing purposes and 
from the generating circuiti A portion. of the total 
charge of all three condensers moves from 11101319 
when the capacitance of 11 decreases andin voltage is 
thereby caused to rise. For instance, when electrons are 
On the upper plates of these condensers and the capaci- 
tance of 11 is made to decrease, the voltage on 11 and 
therefore the electron pressure rises forcing electrons 

- አክየቦክወክ 12 to 13 and through 12 and 16 το 14 Suns. 

quently, when the capacitance of 11 again is made ta 
increase, having lost some of its charge during the per- 
iod when the voltage was higher, capacitor 11 is at this 
time left with a voltage lower than and a number of 
electrons on its top plate less than 13 and 14. Because of 
12 rectifying electrons cannot flow from 13 through 12 
to 11, but they must come from 14 via 17 to 11. Тһе 
cycle is repeated the next time the capacitance of 11 із 
made to decrease and the electron flow in this example 
will always be in one direction through load resistance 
16. 

In reference to FIG. 4, condenser 24 and 23 corre- 
spond to condensers 14 and 13 respectively of FIG. 3. 
Similarly, rectifiers 27, 22, of FIG. 4 correspond respec- 
tively to rectifiers 17, 22, of FIG. 3 with a similar corre- 
spondence between resistors 26 and 16 of FIG. 3. Light 
or radiation-variahle capacitor 2] is shown in FIG. 4 
and its dielectric material undergoes an effective dielec- 
tric constant change under the influence of radiation 
excited. i.e., metastable states. When electrons in signifi- 
cant numbers populate orbitals farther removed from 
the nuclei of atoms in the dielectric constant greatly 
increases, thereby increasing the capacitance of the 
radiation variable capacitor. When electrons subse- 
quently return to the ground state, the condensers ca- 
pacitance thereupon decreases to complete one cycle of 
variation as radiation first impinges upon and then is 
removed from this variable capacitor Repeated cycling 
Produces repeated changes. The material of this con- 
denser's dielectric may be composed of any or of any 
combination of a large number of insulating phosphors 
or of photoreacting nonconducting ferroelectrics, and 
the alternation between Periods of radiation on the di- 
electric and periods of absence of radiation is accom- 
plished by means of a shutter periodically interrupting 

t lati reflector directing a 

of radiation to and from this dielectric, as in copending 
applications 663,927 and 669,384. 

adiation-variable dielectric material of this present 

invention which is based upon the exclusion of elect 
cal conductivity from excited state compounds is real- 
ized in a number of ways. It is realized when ions ofa 
radiation absorbing nature exist in a so id non-conduc- 
crown glass. The neodymium ion Produced by the solu- 
tion and eacited b Fadiation like visible light to a meta- 
stable state must be in sufficient concentration in pro- 
portion to the total mass of the solution that its (the 
lon's) contribution to the total dielectric constant will 
be significant. Mole Concentrations of up to six percent 
afe known to ὃς used in Blass lascis for exampic, aud t 
g of glasses desolving this and high 


then removed 


portions are 


er pra 
sirable. 


Likewise Yttrium aluminuın garnet ҮА] «Οἱ» in 
which 1.5% ог more or neodymium oxide is dissolved 
Provides a light sensitive insulating dielectric for a ішін 
variable capacitor as does a 2 or more solution ot 
neodymium oxide in calcium tungstenate Awan new- 


. D 
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dymium tons can be formed in calcium lithium borate 
glass called Calibo and by à similar ο of their 
Odes any or any combination of the ions of Neod&m- 
шт, Yttebium, Gadolinum and Holmium сап be 
sources of metastable-excited states when in solution in. 5 
lithium silicate. glasses such as LixXO—Mgo—AL- 
001—810; 

Ruby crystals in which 0.5 Percent of Chromium 
uA 
light variable dielectric of highly insulating qualities. 10 
‘The oxides of Uranium, Neodymium, Samarium, Dys- 
prosium, Thulium and combinations of these may all be 
dissolved in a gram mole percent of 0.5 Percent and 
more into Calcium Fluoride, CaF? to provide radiation 
varible dielectrics. These same last mentioned oxides 15 
may likewise be dissolved into Barium and Strontium 
Fluorides in similar proportions for the same result 
namely the production of light variable dielectrics. 
Nickel and Cobalt excitable ions are similarly provided 
for light variable dielectric material by dissolving ox- 20 
ides and other salts of these metals in similar small pro- 
portions into MgF2 and/or ZnF;. à 

Generally, divalent and trivalent rare earths may be 
dissolved into glasses and crystals employed in the laser 
art both according to the proportions of that art as well 25 
as with higher concentrations of the rare earth ions to. 
rovide electrically non-conductive light and radiation 
variable dielectrics for capacitors to be used in variable 
capacitance generators for the provision of electric 
power. 30 
| In a further embodiment of the basic inventive con- 


cept sensitized fluorescence is used to broaden the range 
of radiation freguencies that can be accepted by the 


phosphor. For instance, active Thulium ions dissolved 


in crystaline СаМоО are made to benefit and be excited 35 
by a much broader range of frequencies when combined 

in this host crystai with a small percentage of Erbium. 

in the same host crystal Holmium and Erbium perform 
well together. When Yttrium Aluminum Garnet is em- 
ployed as the host crystal Erbium and Ytterbium combi- 40 
nation of active ions broaden the absorption spectrum as 
do other combinations. fc instance Thulium and Hol- 
mium as well as Neodymium and Ytterbium. 

Again the absorption spectrum may be broadened іп 
a dielectric utilizing Holmium and Thulium ions dis- 45 
solved in Erbium Oxide even though Holmium alone is 
a very active ion in Erbium Oxide host crystal. Combi- 
nations are effective in glass dielectrics as well and 
while none of the above combinations used as examples 
is intended to limit the combinations possible they аге 50 
noted to stress the principle. Тһе combination of ions of 
Ytterbium, Neodymium and Erbium dissolved together 
in lithium silicate glass provides a dielectric with a 
broad band of absorption. Similarly, mixtures of any or 
all of the ions of Cs, Uo», Cu, Mn with Neodymium ions £5 
in a lithium silicate or other suitable laser type glass will 
cause broader absorption and greater activation of the 
Neodymium ions. 

Generally these glasses and crystal matrixes are 
melted according to standard state of the art technology 60 
for lasers and a high concentration of any salt of the 
active don of the di duct tor ፤ 
solved into melt, the concentration density being the 
highest possible consistent. with strong fluoresence at 
high excitation levels. These glasses or crystal matrixes 65 
are Then cooled and ground to a fine powder or frit. The 
powder is applied to a metalic conductive plate and 
enameled onto the plate by heating to the fusing point of 
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8 
the кпап! After cooling a <a: layer such αν 
Stanme oxide. Indium or €, 15 then vacuum depeis- 
ней on the diciectric (ከ to provide tlie opposte 
piate of che condenser. The thickness of the enameled 
layer of hght-variable dielectric must be greal crough 
to prevent electric breakdown of insulation at the par- 
ticular voltage uscd in the generating circuit The di- 
electric enamel must be thich enough and doped with 


e ative slemen 5557523. and 
interact wit Tu uantity of μπι Alkali halides 
sach «s the salt Potassium chloride activated with Tellu- 
rium are nonconducting phosphors based upon meta- 
stable state phenomena which undergo dielectric con- 
stant change when excited by light or other radiation 
and therefore provide the dielectric material of this 
Benerator's capacitor. Similarly, Rubidium halide phos- 
phors activated with a few percentage parts by weight 
of Tellurium exhibit a phosphorescence based on elec- 
trons being raised to excited states which lie below the 
conduction band and are therefore nonconductive and 
provide suitable material for the dielectric of the gener- 
ator's variable capacitor. Such alkali halide and rubid- 
ium halide phosphors are also activated for dielectric 
constant change by the addition of up to several per- 
centage parts by weight of metals such as lead, tin, 
gallium, indium, germanium, copper, silver, europium, 
etc. 

Numerous ferroelectric compounds can absorb light 
energy and are otherwise responsive to radiant energy. 
This class of materials therefore Provides capacitor 
dielectric changeable by the influence of radiation and 
useful for application in this generator. Some examples 
are lithium tantalate, LiTaO}, lithium niobate, LiNbO,, 
tungsten trioxide, МО}, etc. 

This light or radiation-variable capacitor 21 of FIG. 4 
is usually constructed with two condenser plates be- 
tween which is a very thin (2 to 10 mils in thickness) 
dielectric material of very high dielectric strength. А 
transparent electrically conductive material is used for 
at Teast one of the condenser's plates. The transparent 
Conductive material must be transparent to the particu- 
Tar frequencies of radiation employed. Any or any com- 
bination of The above TRUM OF any ὦ di- 
electrics is employed as the dielectric material between 
the condenser plates. Those dielectrics whose composi- 
tion depends on solid solution in a glass may be posi- 
tioned between the condenser plates in the form of glass 
plates or may be enameled onto the condenser plate 
according to the technique of fritting. Other powders of 
the above dielectric materials which mix with glass may 
be enameled with glass powder onto one of the con- 
denser's plates. Powders of the above dielectric materi- 
als may likewise be suspended in plastic insulators as Is 

racticed in the electroluminescent panel art. 

Referring then to FIG. 5 exciter power supply 31 
places a charge on capacitor bank composed of fixed 
capacitor 32 and radiation-variable capacitors 33. 34, 35, 
36 and 37. Exciter power supply is removed leaving a 
charge upon all capacitors which load resistor 38 is not 
able to remove, since the entire upper assembly com- 
posed of all rectifier 


ΠΠ 


tors, and cannot dis 


charge depending upon its Capacitance value Light or 
other radiation (such as U V.. infrared or nuclei 
uon! is ineidented successively, or at !: 
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upon radiation-variable capacitors 33, 34, 35. 36, 37. 
The light or radiation increases the ca acitance of the 
articular capacitor/capacitors it is im inging at any 
given instant in time. The particular capacitor/capaci- 
Ors receive a large portion of the total Charge of the 5 
entire bank at the time they are receiving radiation. 


: ‘ough resistar 3R. 
6 make the shares of the total charge corres 


nd to the 10 
new capacitivc values of each condenser. For instance, 


if radiation is incident upon radiation-variable capacitor 
33, and its capacitance is thereby increasing, it is 
thereby receiving electrons in the process оГ redistribu- 
tion through rectifier 43, buf it cannot receive electrons 15 


rou ‚ 47, 49, nor 51, nor 40, ive 
electrons which come through resistor or load 38. 
35, 36 and 37, through rectifiers 41, 44, 46, 48 and 50, 
out all of the electrons to 33 must flow through 38 20 
where electric work can be done. 

Similarly, if, instead of 33, radiation were falling upon 
capacitor 36, all electrons coming to 36 in the redistri- 
bution, would flow through only rectifier но 
ing through load resistor 38. These electrons wou 25 
come Irom the upper plates of 32, 33, 34, 35 and 37 via 
rectofiers 41, 42, 44, 46, and 50, and each electron 
would, of necessity, move through 38, where it would 
be able to do work. In the same way, any condenser, 
that would be increasing in capacitance at any instance, 30 
would receive electrons from a current flow through 
38. The same is true of any and all combinations of 
radiation-variable capacitors, which should receive 
radiation simultaneously, and be simultaneously increas- 
ing in capacitance, i.e., if 33, 34, 35, 36, and 37 were all 35 
receiving electrons due to capacitance increase, then 
rectifiers 43, 45, 47, 49 and 51 would be admitting elec- 
trons to all of those capacitors, with all of the electrons 
coming from fixed capacitor 32 via 41, and all of the 
electrons flowing through work load resistor 38. 

Alternatively, if all redistion-va 
were darkening from the removal of radiation, except 
33, which is receiving radiation, then the darkening 
capacitors, which are thereby undergoing an increase in 
voltage and a decrease in capacitance, will be impelling 
electrons to 33 and 32. The electrons must travel 
through 40 and 43, all of them moving through 38 via 
44, 46, 48 and 50. In the event only one was darkening 
and increasing in voltage, while decreasing in capaci- 
tance, the flow would still, of necessity, be 
througii 38. For instance, if 35 were alone, darkening its 
rise in voltage would impel electrons through 46 and 38 
to 32, 33, 34, 36 and 37 via 40, 43, 49 and 51, all the 
current still, of necessity, passing through 38 

Referring then to FIG. 6 of the drawings, charges 
placed on 61 capaci*or plates and 62 introduce an elec- 
tric field in dielectric insulator 63 in which is embedded 
conductive phosphor rains 65 which are some of many 
such phosphors within the dielectrics insulating me- 
dium 63. (The other phosphor grains are not shown). In 
that grains 65 are conductors the influence of the field is 
effectively excluded በህጠ electron Polarizabie ions, 
molecules and atoms 66 within the grain and recipricall 
the polarizability contribution of polarizable ions, atoms 
and molecules to the total dielectric constant is ex- 
cluded or greatly diminished. Because of this radiation 
stimulated polarizability changes are prevented from 
causing dielectric constant changes. 


le capacitors 
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Referring пем to FIG 7 of the drawings charges 
Placed on capacitor plates 71 and 72 introduce an elec 
tric field in dielectric insulator 73 in which are embec 


ded поп-согЧиспхс phosphor grains 75 which are some 
of many such phosphors within the dielectrics insulat- 


le, 76 within the erain 
thereby enabling the polarizability of atoms, ions and 
molecules 76 within the grain to make a significant 
contribution to the total dielectric constant and thereby 
permitiing the dielectric constant to change when po- 
larizability changes. 

Referring then to FIG. 8 of the drawings, charges 


placed on capacitor plates 81 and 82 introduce an elec- 
tric field on insulating dielectric and insulatin 


E g grains of 
Phosphor 85 causing an electron polarization across an 
xcitable ion 84 sh 


e shown diagrammatically by an exten- 
sion of the e 1 Ἱε]ά. l 

arther extension of this electron cloud when it is subse- 
quently raised to ac zx irc COD C OC when it is subse- 


Quently raised to an excited state by means of radiation 
is shown by dotted lines 86 representing alight induced" 
molecules of the dielectric thereby causing a total di- 
electric constan dielectric with light or 
radiation. | 

I claim: 

1. A method of generating direct current electricity 
from radiant energy by means of radiation variable 
capacitance by: 

periodically directing radiation on a radiation sensi- 

tive dielectric material whose effective dielectric 
constant changes under the influence of incident 
radiation, 
placing an electric charge on said radiation-variable 
capacitor and removing the source of the charge, 

employing said radiation-variable Capacitor in an 
electric circuit comprising two rectifiers, and an 
electric load resistance and two fixed condensers in 
such a manner that the initial Charge on the vari- 
able capacitor is distributed through a rectifier to 
one fixed condenser as well as through that recti- 
fier and through a load resistance to the other fixed 
condenser, all three condensers having a common 
connection on their plates Opposite the rectifier 
connections and, 

employing the alternate voltage elevations and de- 

pressions from the activatcd radiation-variable 
condenser in such a way that, when that condens- 
er's voltage is elevated by having its capacity re- 
duced, the rectifiers connected to its terminal will 
allow the current flowing from it to move in only 
one direction as it elevates the voltage on the two 
fixed capacitors, one rectifier functioning to con- 
duct current at this time with the second rectifier 
functioning during a subsequent period of de- 
pressed voltage on the radiation-variable capacitor 
to admit current from the fixed condensers which 
at that time will have higher voltage than the radia- 
tion-variable capacitor will have, providing for an 
isolation of the total distributed charge by insuring 
that no resistance is connected across any con- 
denser or group of condensers sharing the total 
charge, Periodically restoring any of the isolited 
charge which may have leaked off of the condens- 
ers by occasionally connecting the power supply 
and then removing it. 
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utilizing electric power from a one direction current 
flow through the load resistance from which useful 
work energy is extracted 

2. A method of Benerating direct curren: electricity 
by means of radiation-variable capacitance as in claim 1 
in which the radiation-variable dielectric material of the 
radiation-variable condenser is an insulating, поп-ссп- 
ducting phosphor the photoactivation of witich is not 

7 шаму ujon photcconduetivity and the presence of trap. 
Ping centers but upon the absorbtion of radiation by an 
activator element such as an ion, atom or molecule 
which is excited by the radiation to an energy state 
below the conduction band. 

3. A metho. of generating electricity as in claim 2 in 
which the insulating, non-conducting Phosphor dielec- 
tric is a dielectric selected from the group consisting of 
alkalai halide phosphors and rubidium halide phosphors 
activated by one activator selected from the group 
consisting of tellurium, lead, tin, gallium, indium, ger- 
manium, copper, silver, and europium. 

4. A method of generating electricity as in claim 2 in 
which the insulating, non-conducting phosphor dielec- 
tric is a dielectric selected from the group of glass laser 
Phosphors in which mutalic oxides selected from the 
group consisting of neodymium, gadolinium, holmium 
and combinations of these are disolved in lithium sili- 
cate glasses thereby providing excitable ions. 

5. A method of generating electricity as in claim 2 in 
which the insulating, non-conducting phosphor dielec- 
tric is a dielectric selected from the group of crystal 
laser phosphors consisting of phosphors in which the 
oxides of metals selected from a group of metuls consist- 
ing of uranium, neodymium, samarium, dysporsium, 
thulium, are disolved into fluoride salts se!cuted from 
the group of fluoride salts consisting of calcium fluo- 
ride, barium fluoride and strontium fluoride. 

6. A method of generating clectricity as in claim 2 in 
which the insulating, non-conducting phosphor dielec- 
tric is a dielectric selected from a group consisting of 
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12 
erystal user phosphors іл winch chromium сақы i` 
disolved into aluminum oxide 
7. A method of generating electricity as in claim 2 in 


which the insulating. non-conducting phosphor dielec- 
tric 15 a dielectric selected from 3 group consisting of 
neodymium oxide disolved in yttrium aluminum garnet 
and neodymium oxide disolved in calcium tunstenate 
8. A method of generating direct current electricity 


from radiant energy by means of radiation-variablz 


capacitance by: 
forming a capacitor bank of many radiation-variable 
capacitors and one fixed capacitor having one set 
of plates from each capacitor connected to one 
common terminal, each single condenser's opposite 
plate being connected to its own Jet of two rectifi- 
ers, one rectifier of each set of two enabeling nega- 
tive current flow outward and away from each 
single condenser and the other rectifier of each set 
of two enabeling current flow to the single con- 
den-cr to which it belongs, those terminals of all 
rectifiers able to carry only a negative charge from 
their respective capacitor all being connected to a 
common terminal, this terminal being the negative 
Output terminal of the generator, the other rectifi- 
ers of each set of two tha* is connected to each 
capacitor thereby enabeling current flow inward 
and each said single capacitor and each of 53101 
rectifiers having a terminal through which current 
can only flow to its capacitor, said terminals being 
connected to a common terminal forming the gen- 
erators positive terminal and, charging this capaci- 
tor bank with a power source and removing the 
power source thereby providing a bank of charged 
condensers isolaied from the power source and, 
alternately providing periods of radiation and non- 
radiation on the radiation sensitive dielectric of 
each condenser and, extracting useful electric 
power from an clectric load connected across the 
output terminals. 
LJ 
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[57] ABSTRACT 


Тһе apparatus uses a magnetic field (80) to accelerate a 
Charged particle radially towards a target. electrode 
(10). The inc kinetic energy of the icles ena- 
bles i ive up more electrical ener, to the 
target electrode (10) than was init ven to it. This 
charges the target electrode , and the increased 
energy is extracted from the apparatus by connecting an 
electrical load between the target electrode and a point 
of lower or higher potential. 
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1 
ENERGY CONVERSION SYSTEM 


This invention relates to a process and apparatus for 
generating a potential difference between two or more 
electrodes and using Charged particles as energy салті- 
ers. 

Electrical power is usually generated by burning a 
fossil fuel and converting the energy released into ro- 
tary motion which drives electrical generators. This is 
Cost-effective only if carried out опа large scale, the 
conversion process being inefficient; utilising natural 
resources, and producing waste Products which can 
Cause serious environmental pollution. An additional 
disadvantage is that the electrical Power cannot be 
supplied directly to road vehicles or ships. 

The energy-conversion process of this invention in- 
volves no health or poliution hazard and generates 


5 


10 


15 


electrical power directly by & single-stage ргбсезз with- 
Gut waste 57 energy-convezsion 20 


Tora power-to-weight ratio are both high, making 
the apparatus suitable for most fixed and mobile applica- 
tions. 


One known apparatus for doing useful work by орег- T 


ating ^n electrons with a magnetic field is celled the 
“betatron”. This includes a doughnut-&heped vacuum 
chamber between the poles of a special! y-shaped elec- 
tromagnet. Thermionically-produced electrons are in- 


jected into the chamber with an initial е 
ener: of about $0 keV. As the magnetic field 580 9 


during its poaitivego:ng half-cycle, it induces an electro- 
motive force within tha doughnut, which force »cceler- 
ates the electrons and forces them to move in an arcuate 
path, by intertctios with the magnetic field. An impor- 
tant distinction tetwera the betatron and the energy 
Cnvertez cf this invention is that in the former the mag- 
netic field has got to be able to increase over a very 
short pericd, in order to accelerate the electrons suffi- 


35 


ciently, where>s in the latter the magnetic field is virtu- 40 


“есі 
~The present іпуешіоп aims at providing an energy 
converter which ашу be mobile and which has a perma- 
nent magnet or an energised source of magnetic radia- 
tion associated with it ia Order to amplify the electrical 
energy initiaily imparted to charge particles fed to, or 
Produced in, a so-called “vacuum” chamber forming 
part of the generator, which increased energy is ex- 
trscted from the target electrode оп which the particles 
&re incident. 

Accordingly the present invention provides an en- 
ergy Converter which is as claimed in the appended 
claims. : 


Carrying а charge е, and moving at a speed v over dis- 
tance d, the total force on the electron is the centripetal 
force XH.e.v, less the force exerted on the electron in 
the opposite direction by the centrifugai force, which is 


ally con:tent and the ziectzons fali inwardly to give u; 
саты ወ ይሃ anl electric charge то в central 
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imvir-i, By making the radius of the centre electrode , 


appreciabiy greater than the orbit of equilibrium, the 
centrifugal force can be minimised, thus maximising the 


2 

centripetal force, and hence the work done in bringing 
the charge to the electrode 

The process by which the converter of this invention 
works uses, as a source of charge, electncally-charged 
particles, for example electrons and/or ions. Two or 
more electrodes arc housed in a low-pressure chamber 
A magnetic field as specified below traverses the cham- 
ber: it emanates from a Permanent magnet, electromag- 
net or a source of magnetic radiation. An external 
source of energy is used to give the charge particles 
initial kinetic energy, for example by heating, accelera- 
tion through an electric field, or from nuclear radiation. 
The energy-conversion process uses the magnetic field 


unti] they impinge on a central electrode (cathode). The 
work done on the 
potential attained by the cathode) is proportional to the 
resultant magnetic force times the distance over which 
ihe force acts. As the particles move within the cham- 


This force has an augular component and 8 centripetal 
one, which forces the Particles to travel along a spiral 


An opposing centrifugal force also acts on the parti- 
cles in opposition 1o the centripetal magnetic force. The 
electrode pctential is Proportional to the work required 
to be done on the charged particles to overcome both 
the centrifugal force and the electric field around the 


trode: as the central electrode radius is reduced (by 
sputtering or erosion) the centrifugal force increases, 
reducing the number of charged particies which сап 
reach the central electrode and therefore the eiectrode 
potential, for a given field strength and particie speed. 
The difference іп mess between ions and lighter 
Charged particles, such as electrons, results in different 
centrifugal forces for given particle kinetic energies 
The generator Output and efficiency are optimised 
when the generator uses the maximum magnetic field to 
minimise the centrifugal force and to maximise the ra- 
dial distance over which the force acts for a given field 
Strength. Particles having the highest charge-to-mass 
ratio should be used. 

Low pressure gases can be used as a charge source 
when ionised by Particic coilision and excitation within 
the chember. Doped gases can minimise the energy 
level for ionising gas stoms/moiecules thereby improv- 
ing efficiency. However, the resultant magnetic force is 
lower for the heavier ions due to their lower velocity so 
that the electric field radiated by the high voltage elec- 
trode (cathode) can atiract oppositely charged particles 
(+ ions) and subsequently discharge the electrode re- 
ducing the Output voltage. Various methods can be used 
10 overcome or reduce this effect. For example one 
method would be to Separate the opposite charges and- 
for to use electrical biased grids to control the flow of 
Opposite charges to the high voltage electrode 
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Gaseous systems аге generally more complex than 
single charge systems, providing higher currents at 
lower voltages, whereas single charge systems. for ex- 
ample electrons used in high vacuum chambers, can 
Senerate higher voltages. 

The magnetic field can be fzom one Or more perma- 
nent magnets and/or from one or more electromagnets; 
8 static magnetic field produces а Constant output volt- 
age, while a varying field produces a varying voltage 
for particles with equal mass and velocity. 

Ап external source is used to accelerate the charged 
particles to give them initial kinetic energy, which is 
released as heat when the particles collide with the 
electrode. When the energy represented by the in- 
creased voltage between the electrodes is greater than 
the energy required to provide the charged particles; 


and accelerate them, the conversion process is self-sus- 
А um СТ the kinetic energy lost and the energy gener- 
ated. ge flows from the central electrode via an 


external load to another electrode. The electrical en- 
ergy (work) released is a function of the current (sum of 
charges that flow per second) times the potential differ- 
ence. Electrical and thermal Output can be controlled 
by varying: the field strength; the particle speed; the 
particle density (mean free path), and/c by incorporat- 
ing a grid to control the rate at which particles reach 
the central electrode. The Output is also proportional to 
the heat lost or gained, since the translational energy of 
the particle is proportional to its temperature. Heat 
liberated at the electrode can be returned to the parti- 
cles to maintain their energy, ог be utilised in a heat 
exchanger for external use. The generator normally 
uses non-reacting conductive material to prevent chem- 
ical reaction by gases, coolants etc. with the electrodes, 
container walls or other components. Various particle 
trajectories, directional movements and positioning of 
the orbiting particles can be used with appropriate mag- 
netic fields. The low-pressure gas can be ionised by any 
Suitable means: one method would be to use an electron- 
Лоп gun where the plane and direction of the injected 
Particles is correct for the applied magnetic field. In gas 
apparatus, the electrons flowing through the external 
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FIG. 7 15 a crosses: 
nutshaped (toruidai) 

FIG. 815 u 

FIG. 9 is ase 
both forms of chargea Particles concurrents 

As shown in FIG 1, a charged particle ιν injected 
along a trajectory 2 into a magnetic field extending 
normal to the plane oí the drawing. The field permeates 
the space 4 of the annular cross-section within a cylin- 
drical chamber 6. The magnetic field produces on the 
particle a force extending normally to both its direction 
of motion and the magnetic field. The resultant centrip- 
etal force causes the particle to follow a spiral path 8 
ending on the central electrode 10 spaced radially in- 
wards from the outer cylindrical electrode 12. The 
extra energy acquired by the particle is a function ST the 

tance travel and the strength of the mag- 


netic Tield between the electrodes. This energy is iven 
up on impact with the central electrode, in the form ef 


y, 


€ of a two-stage conve 


20 heat ОГ wor опе in bringin, € Charge against 
the о) ing electri trode. Іп the ab- 
sence of the central electrode 10, the electrons would 


25 


follow the orbit of equilibrium 3, this being the orbit 
followed by a particle when the centrifugal and centrip- 
etal forces balance, resulting in no work being done on 
the particle. 

As shown more particularly in FIGS. 2 and 3, the 
nergy converter 1 consists basically of a annuiar cham- 
ber 6 having an outer cylindrical electrode 12; an inner 


30 cylindrical electrode 10, and two gas-tight walis 14 of 


electrical insulation material. In the electrode 12 is a 
port 22 through which an electron gun 20 can inject 
electrons into space 4. Additionally or alternatively, an 
ion gun 18 can inject Positively-charged particles 


5 through port 16. 


40 


Circuit, on reaching the anode, recombine with a gase- ¿s 


ous ion to form a neutral gas atom/molecule. This 
atomic particle is duly re-ionised by collision and/or the 
electric fields, the energy being directly or indirectly 
derived from the work done by the resultant force act- 
ing on the charged particles. 

In order that the invention may be better understood, 
it will now be described with reference to the accompa- 
nying schematic drawings, which are given by way of 
example, and in which: 

FIG. 1 shows schematically a cross-section of the 
generator; and the path followed by a particle during 
the energy-conversion process; 

FIG. 2 shows an axial cross-section of one type of 
apparatus for the invention, using permanent magnets; 
and a grid controlling ion migration to the cathode. 

FIG. 3 shows a cross-section of the apparatus of FIG. 
2 along the line A—A; 

FIG. 4 is a diagrammatic section through one form of 
converter using electrons, showing a circular series of 
electron sources; 

FIG. 5 is an axial cross-section through а morepracti- 
cal embodiment of the FIG. 4 converter; 

FIG. 6 15 š section aiong the iine VI—VI of FIG. 5: 


Seated on the major flat surfaces of chamber 6 are 
magnetic pole-pieces 24 giving rise to a uniform mag- 
netic field 80 which traverses the space 4 parallel with 
the axis of chamber 6. The magnets may be ceramic 
permanent magnets, or they may be electromagnets. In 
either case, means (not shown) may be provided for 
adjusting the magnetic field strength. 

Heavy conductors 26 connect the two electrodes to 


terminals 28 across which a resistive load сап be placed 
to dissipate the generator ο. 

А vacuum pump (not shown) has its inlet in commu- 
nication with the interior of chamber 6 so that the gas 


pressure in the generator can be reduced to, and kept at, 
а desired sub-atmospheric value. Associated with the 


50 pump, or separate therefrom. may be means for ensur- 
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60 
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ing that the gas in (һе generator із of a desired composi- 
tion, for instance, one which enhances the possibility of 
ionising collisions between the charged particles and 
gas atoms or molecules. One such suitable gas would be 
neon containing 0.1% argon by volume. 

In order to cause the generator to start working, it is 
necessary to start the vacuum pump and to energise the 
ог each particle source. The latter involves heating a 
filament from an external source of power until the 
required internal energy level (temperature) i5 reached 
which in turn causes a piece of thermo-emissise mate- 
rial to emit electrons. If the electrons are to be tlic 
charge carriers, they are accelerated by а suitsb! SE 
tric field and projected into the space 4. Here thes are 
further accelerated by the radial electric field betwee 
the electrodes. and at the same time have 4 ЧеПели 
force applied to them by the amal magnetic 
through which they pass 
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For ал ion source, the electrons are accelerate: until 
they impact some atoms or molecules, to produce a 
stream of ions which likewise Dass into the space 4 
With the polanties shown, the electrons are attracted to 
the central electrode, while the tons are pulled towards < 
the outer electrode, which accounts for the different 
onentations of sources 18 and 20. 

Any gas molecule which pass close 
the electrodes are ionised by collision and/or the elec- 
trostatic field. Output current can then be taken through 
a load impedance connected across terminals 28. The 
impedance is matched to Prevent the interna! process 
energy dropping below а valu: which would prevent 
the reionisation of the gaseous atoms. Аз each ion is 
deionised at the anode, the 845 atoms wiil tend to con- 
tinue to circulate until reionised, the resultant force 
drawing both the ions (shown by solid circles) and 
electrons (shown by hollow Circles) back into their 
respective orbits. : 

It is envisaged thsi, in the case of a converter using 
electrons. the chamber couid be evacuated to a chosen 
subdatmospheric pressure and sealed. 

In that form cf the invention shown in FIG. 4, each 
electron source forziing one of a circular series 29 of 2 
sources has 4 body 30 of electroemissive material, such 
as molytdenum costed by caesium, ' ested by an ረ1:ር- 
tric filament 32 connected іп series or ратьПе! across a 
source of electric power (not shown). Immediately in 
front of each emitter 30 is a grid 34 of fine wires, ail the 
grids seing connected with a source of ad i'istable volt- 
183 10 ss to control the flow of electrons froin the emnit- 
ter. These electrons are projected through one or more 
acceleration electrodes 36 across which : potential dif- 
ference is established along the electron psih, 35 that 35 
each iscrementai electron Source injects a stream cf 
electrons having known kinetic energy into a space 38, 
indicaced by the circle shown in а broken line, traversed 
by the deflection magnetic field, within which is the 
Селіга!, target, electrode 40. The stream of electrons 
injected into the magnetic field may be fccursec ty 
electric and/or magnetic fields. 

In the remaining Figs. those parts already referred to 
will retain the same references. 

In the “flat disc" configuration shown in FIG. 5, the 45 
annular chamber 6 is enclosed in а body 42 of thermal 
insulation material. The central electrode 10 is seated on 
insulators 44 which are pierced by conduits 45 for the 
Passage of a coolant fluid and by an output lead 26, 
which may extend along the conduit so that it too 5 50 
cooled. 

FIG. 5 shows how the deflection 
U-shaped. and has two annular pole-pieces 48, so that 


10, Cr between, 


electrode 10 and the region 38 radially innermost of the 55 
the electric field between the 
surface 61 providing the elec- 
trons initial accelerations (kinetic energy). 

FIG. § also shows how a voltage is tapped off the 
resistive load 40 (which thus functions as a potentiome- ¿0 
ter) and is fed through to the acceleration electrode 36. 

Chamber 6 is alsc provided with two annular mag- 
nets 49 (or a circular series of incremental magnets) 
designed to influence the direction aloag which the 
electrons pass into space 38. The magnets provide local ος 
magnetic fields to ensure that the electrons meet the 
boundary of space 38 tangentially, i.e. with zero radial 
Velocity 


18 1፡41 f: 
the individuu! 
are arranged ал а type Of "Circular" сс 
that the magnctic fields exiend along 
resulting toroidal space 50 penetrated by as z 
dal target electrode 61 through wich 
may pass, along conduits 52. The СГоззезе 
8 shows that the magnetic fields are supi 
electric field produced by windings 53 wound 
magnetic core 54 bounded by insulation 55 

Apart from the fact that the electrodes are comm. 
tO all converters, each functions individually as de. 
scribed above. Obviously the power source dnving the 
heaters for the electron guns 56; the electromagnets (if 
алу); the acceleration electrodes and the control grids, 
have to be of sufficient CAPCITY iO supply the greater 
Power needed to drive this “toroidal” configuration 
Concomitant changes would need ιο be made to the 
physical dimensioning and positioning of the relatively. 
complex construction, but as all these are within the 
purview of a competent engineer, they are not further 
described in this specification. 

As already mentioned, the Converters of this inven. 
tion are of two types, i.e. electronic and ionic. FIG. 9 
shows diagrammatically how they may be combined to 
take advantage of their differences. In the two-stage 
Power generation apparatus shown in FIG. 9 the first 
stage consists of an ioniser 820 supplying a mixture of 
chai ged particles, i.e. ions and electrons, ío a separator 
$40, which Supplies electrons to a second stage consist- 
ing of a sealed electronic converter 560 in parallel with 
а gaseous ionic converter 580. 

Tbe separator 540 may use the different particle 
masses (0 separate them Centrifugally using, for exam- 
ple, the energy conversion system of FIG. 1 (without 
the target electrode), or it May use electromagnetic 
deflection fields, or a Physical diffusion process, either 
alone or in combination. As this is not part of the sub- 
Ject-matter of this invention, it will aot be described 
herein in any further de'aii. 

In the generators of FIGS. 6 and 8, the respective 
particles аге deflected magnetically and accelerated 
radially, to function as already described above 

Because each generator is designed to operste most 
effectively with its Particular form of charge carrier, it 
can be designed opümally, thus reducing the energy 
absorption caused by ions and electrons recombining 
before each has fallen on its respective target electrode 
Because the electronic converter would finish up with a 
negatively-charged electrode, whereas the converse is 
true for the ionic converter, the load 400 extracting 
energy from the apparatus is connected across the two 
target electrodes. The other two electrodes ot the con- 
verters may be held at the same Potential, as by being 
connected together, or their potentials may float 


сла 


Тһе generator сап be designed to produce a wide 
range of output voltages and currents. The lower- 
energy generators are light enough to be mobile, so that 


they can power vehicles ОГ SCE às stand-by generators 
Various electrode and magnet configurations can be 
used, and the generators can be connected in series or 
parallel. Cooling jackets are fitted (0 prevent o Д 
ing in high-powered apparatus, and the ve 
enclosed within à thermaliy-insuluting Jacket tc 
heat losses ihereby increasing parti 
high-energy generators, it may be n 
for forced cooling of the 


vert 


inner celest 
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Projecting therefrom into a high-speed stream of suit- 
able coolant. 

Although the process according to this invention is 
Particularly suited to using external electrical energy, it 
must be understood that other sources can be used to 
Provide the initial energy input, e.g. solar and waste- 
procesed heat are some of the varied energy sources 
which could be utilised. Control of the charge-genera- 
tion process can be achieved by other means, including 
One or more electrically-biased grids, as used in thermi- 
onic valves. 

1 claim: 

1. An energy conversion process for generating an 
electric potential, the process comprising; providing a 
source of electric charge carriers of predetermined 
polarity, accelerating the carriers away from the source, 
introducing the carriers into a magnetic field transverse 
to the path of the carriers in а Process chamber, the field 
bounding an inner electrode within the chamber such 
that the carriers огч the electrode while accelerating 

ially toward the electrode; and 


ers. 

2. A process according to claim 1 in which the elec- 
tric potential is created between the inner electrode and 
an outer electrode radially spaced from the inner elec- 
trode. 

3. A process according to claim 2 in which the outer 
electrode provides the said source of the Charge carri- 
ers. 

4. A process according to claim 1 or claim 2 in which 
the chamber is maintained at a sub-atmospheric pres- 
sure. 

5. A process according to claim 1 in which the elec- 
tric potential drives a load connected between the inner 
electrode and a point remote from the electrode. 

6A Process according to claim 1 or claim 2 in which 
the electric charge carriers comprise electrons or ions. 

7. A process according to claim 1 in which further 
charge carriers of the Opposite polarity traverse the 
magnetic field and accumulate at a second electrode to 
increase the potential difference between the two elec- 
trodes. 

8. A process according to claim 1 in which electri- 
cally biased grids contro! the flow of the charge carriers 
from the source. 

9. A process according to claim 1 in which the charge 
Carriers are separated from Charge carriers of the орро- 
site polarity before being introduced into the magnetic 
field. 

10. A process according to claim 9 in which the 
charge carriers of opposite polarity are introduced into 
а Corresponding second magnetic field, whereby a po- 
tential difference is produced between respective elec- 
trodes in each field. 
> 11. А process according to claim 1 іп which the carri- 
%- аге injected into the magnetic field. 

12. А process according to claim 11 in which the 
injection energy is produced by accelerating the carri- 
ers through an electric field. 
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13. A process according to claim 11 in which the 
injection energy is produced by accelerating the carn- 
ers through а magnetic field. 

14. A process according to claim 1 in which the injec- 
tion energy of the carriers is produced by nuclear emis- 
чоп. 

15. А process according to claim 1 іп which the injec- 
tion energy of the carriers is produced by heat. 

16. A process according to claim 1 in which the gen- 
erated electric potential is directly or indirectly used to 
maintain the generation of Charge carriers or the inter- 
nal temperature of the space traversed by the magnetic 
field, or the applied magnetic field. 

17. A process according to claim 1 in which the gen- 
erated electric potential is directly or indirectly used to 
maintain the generation of charge carri:rs and the inter- 
nal temperature of the Space traversed by the magnetic 
field and the applied magnetic field. 

18. An energy converter including a source of elec- 
tric charge carriers of a predetermined polarity, a pro- 
cess chamber having an inner electrode, means for ac- 
celerating the carriers away from the source and for 
introducing the carriers into the chamber, means for 
applying a magnetic field transverse to the path of the 
Carriers and bounding the inner electrode of the cham- 
ber such that the carriers orbit the electrode while ac- 
celerating radially toward the electrode, the electrode 
being located at a radius which exceeds the equilibrium 
radius for the carrier mean velocity and applied field 
strength and intercepting the carriers such that the 
increased kinetic energy of the carriers due to centripe- 
ta! acceleration is converted to an electric potential at 
the electrode. 

19. An energy converter according to claim 18 in 
Which the chamber includes an outer electrode spaced 
radially from the inner electrode, and means for inject- 
ing the charge carriers into the space between the elec- 
trodes. 

20. An energy converter 
which the outer electrode 
charge carriers. 

21. An energy converter according to claim 19 fur- 
ther comprising an insulating wall bounding the outer 
electrode. 

22. A converter according to claim 18 further com- 
prising means for maintaining the chamber at a prede- 
termined sub-atmospheric pressure. < 

23. А converter according to claim 19 іп which the 
ошет electrode has at least one port through which the 
charge carriers сал be injected into the chamber along 
а desired trajectory. 

24. A converter according to claim 23 in which the 
outer electrode has plural ports and each port commu- 
nicates with a thermionic source of the respective carri- 
ers. 

25. A converter according to claim 18 in which the 
Chamber is a vacuum chamber. 

26. A converter according to claim 18 further com- 
prising electrically biased grids for controlling the flow 
of charge carriers from the source. 

27. A converter according to claim 22 or claim 25 in 
which the evacuated chamber comprises a sealed unit 

28. A converter according to claim 18 further com- 
prising means for adjusting the strength of the applied 
magnetic field. 

29. A converter according to claim 18 in which the 
Chamber is filled with low pressure gas. 

eee 


according to claim 19 in 
provides the said source of 


